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CHAPTER |
INTRODUCTION

1-1., PURPOSE OF THE EQUIPMENT

The Milgo Electronic Corporation (MEC) Model 1576 Digital to Analog Converter
receives the serial data output from a Computer, and converts this data into four channels
of analog outputs with the necessary reference voltages suitable for the inputs of a high
speed analog plotting board.

1-2, SCOPE OF THE MANUAL

This instruction manual describes the MEC Model 1576 Digital to Analog (D-A)
Converter, designed and manufactured by MEC for the International Business Machines,
Federal Systems Division, Kingston, New York, in conjunction with Project Mercury.

1-3, PURPOSE OF THE MANUAL

This instruction manual is provided as an aid to better understanding of the opera-
tion and theory of the MEC Model 1576 D-A Converter and its associated equipment. It
offers a complete technical explanation coupled with applicable illustrations. It is defi-
nitely necessary that the operator, or any person involved in the operation of this equip-
ment, thoroughly read and vnderstand the contents of this manual.
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CHAPTER 1
GENERAL DESCRIPTION

2-1. PHYSICAL DESCRIPTION

The D-A Converter is housed in a single relay rack approximately 24" wide, 22"
deep, and 74-1/8" high. Its weight is approximately 660 pounds. All chassis are of
modular construction and employ 50 pin connectors for the connection of each chassis to
the rack wiring. The location of each chassis is illustrated in figure 1-2. One +250 volt
Power Supply (MEC Model 1576-4A) is located at the top of the rack, and directly beside
it is a -250 volt and -560 volt Power Supply (MEC Model 1576-3A). These Power Supplies
furnish the necessary operating voltages for the DC Amplifiers in the rack. Directly
below the Power Supplies are found one row of four DC Amplifier Chassis, MEC Model
63-4C. These four DC Amplifiers are used in conjunction with the four Data Summing
Chassis, MEC Model 1576-5A, found in the third row of chassis. The fourth row of
chassis consist of two 20 Bit Shift Registers, MEC Model 1576-7A, and a Control Chassis,
MEC Model 1576-6A., The fifth row houses the Chopper Drive Chassis, MEC Model
77-9A, and one DC Amplifier Chassis used to provide the analog plus and minus reference
voltages for this system. Located directly below the Chopper Drive Unit is one transistor
Power Supply, MEC Model 165-4A. This Power Supply furnishes +12 volts, -20 volts, and
-70 volts for the transistor circuitry throughout the D-A Converter. A two speed Blower
capable of delivering 500 cubic feet per minute of filtered room air for internal rack cool-
ing is located at the front lower portion of the D-A Converter Rack, and should be operated
at high speeds at all times during the operation of the equipment. In the lower rear of the
rack is a mounting bracket on which all input and output connectors are located. The input
a-c fuses and master a-c power switch are located on the same pancl., The D-A Converter
normally operates from two phases of a 115 vac +10%, 60 cycles 5, three phase system;
however, it may be operated from single phase 115 vac, 60 cycles by connecting input
phases 1 and 2 together on the input power connector J19. The input current for both phase
1 and phase 2 is 4 amperes,

2-2, INPUT SIGNALS

There are three input lines to this D-A Converter; the '"select and ready' line, the
"'sample'" pulse line, and the data line. The ''select and ready'' line is a control signal
with which the computer signifies to the D-A Converter that it has data to present. A
return signal from the D-A Conver ter, called the ""D-A ready'", informs the computer
that the D-A Converter is prepared to read the next bit of data. The data input to this D-A
Converter consists of 40 bits of serial data, which are transmitted over the data input line
from the Digital Computer. Each time a new data bit is presented on the input data line
and the '"D-A ready' signal indicates that the D-A Converter is prepared to read the new
bit of data, a "sample" pulse is sent to the D-A Converter from the Computer. There
must be a '"D-A ready" pulse and a ''sample' pulse for each bit of data received from the
Computer. A significant or ''1'" level on any of the three lines from the Computer will be
+6.7 volts +.5 volts. A non-significant or "0 level from the computer is 0 volts +. 5 volts.
A +35 volts external reference voltage input is provided so that an external reference
voltage may be applied to the D-A Converter when it is operating with associated analog
equipment. If a +35 volts reference source is not available, the Converter is capable of
generating its own internal +35 volts and -35 volts reference voltages.
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2-3. OUTPUT SIGNALS

There are four individual channels of analog voltage outputs. The output voltage may
swing from +35 volts to =35 volts; +35 volts representing an input digital signal pattern of
all "1"s, and -35 volts representing an input signal pattern of all '"0"'s, In addition, inter-
nally generated reference voltages of +35 volts and -35 volts are provided at the outputs to
furnish reference voltages for other associated analog equipment. There is, in addition,

a "D-A ready" output to the digital computer which is one of the inter-system control sig-
nals. A O volt .5 volt level indicates that the D-A is ready to receive the next bit of data,
and a -8 volt 2 volt level indicates that the D-A is naot ready.
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CHAPTER 1l
THEORY OF OPERATION

3-1. GENERAL (Figure 9-1.)

3-1.1. Digital data bits are received by the D-A Converter through the digital input
plug, J20, which is located at the rear of the base of the D-A Converter Rack. Along with
the data input there are three control signals which are used so that this data may be
properly brought in to the D-A Converter, these signals being: a ''select and ready"
input provided by the Computer to signify that the Computer has data available; a '""sample"
input, which is a signal generated by the Computer to signify that the new data bit has been
presented on the data line ; and a '""D-A ready' which is generated by the D-A Converter so
that it can signify to the Computer that it is also ready to receive the next data bit. These
signals are graphically shown on the timing diagram of the Computer Control signals in
figure 3-1. There are a few requirements on the timing of the '"data', ‘''sample', "select
and ready' and ""D-A ready'" inputs. There is a total of N+1 "D-A ready" signals (N =
number of input data bits) provided by the D-A Converter; therefore, there would be a total
of 41 pulses. The timing between these pulses is determined by the Control Chassis and is
approximately 250 microseconds. The '"'select and ready" will remain up (+8 volts) during
the complete time in which the data is being provided. As shown in figure 3-1, there is a
minimum and maximum timing between the ''data', '"D-A ready'" and the '""'sample'’ pulses,
and these minimum and maximums must be maintained for proper operation of the system.,

3-1.2., There is a total of 40 serial input data bits which are received through the
Control Chassis and are shifted through two 20 Bit Shift Registers in series, giving a total
capacity of 40 serial bits of information. The shifting and controlling of these 40 data bits
is accomplished by the Control Chassis. This particular phase of the Control Chassis's
operation is explained in detail in paragraph 3-2, "Control Chassis''.  The ""sample"
input is used to tell the Control Chassis that a new data bit is available and should be re-
ceived into the cores. After the last data bit has been received and sampled, the last
"D-A ready" will go out to the Computer to signify to the Computer that the complete word
has been received. Then the Computer will drop the '"'select and ready' line to 0 volts.
The "select and ready' line will have been at a +8 volt d-c level for approximately 10 1/2
to 11 milliseconds. This time is determined by the accuracy of the 250 microsecond
interval between each '""D-A ready' pulse.

3-.1.3. When the serial 40 bits of data have been put into storage in the 40 cores
found in the two 20 Bit Shift Registers, a pulse is generated by the fall of ""select and ready"
which produces the necessary pulses to parallel transfer this data into 40 transistorized
flip-flops. The outputs of these 40 flip-flops control the operation of four groups of 10
relays each. Each group of relays is found in a Data Summing Chassis. The input 40 bit
word is actually four different 10 bit words, one directly behind the other. The input
format from the Computer is least significant bit (LSB) first, with the first 10 bits being
Y2, the second 10 bits being X2, the third 10 bits being Y1, and the last 10 bits being X1,
The output of these flip-flops is wired to the appropriate relay so that the data format will
be presented to the Data Summing Chassis for analog conversion in the proper sequence.
The most significant bit (MSB) of digital data is applied to relay K502 of the binary con-
verting Data Summing Chassis. These 10 bit binary words control the flip-flops which
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control the relays which are connected to the feedback resistor to the DC Amplifiers,
These DC Amplifiers produce an analog output voltage which is directly apportioned to the
binary count of the input serial digital word. The Control Chassis produces a reset trigger
which resets all the flip-flops into a "0" condition. Then in approximately 10 micro-
seconds, the new data is inserted into the same flip-flops. At this time, some relays will
take on a new condition for the new analog output, but because some relays will open or
close sooner than others depending upon the mechanical time delay within the relays, a
signal called "D-A hold" is provided. This signal operates relay K501 in each Data Sum-
ming Chassis in such a manner that during 4-1/2 milliseconds of time, a set of contacts of
the relay are open and the DC Amplifier involved will hold its previous charge for this
length of time. Therefore, the analog output will be a smooth change when the new con-
dition is inserted by the new data word. Figure 9-1 illustrates graphically the complete
operation of the Control Chassis, each plug-in transistor network, and the two 20 Bit Shift
Registers with their associated flip-flops. Figure 9-1 also shows the 40 relays which are
used to control the feedback resistors which control the analog output voltage. The four
analog outputs are used for the operation of a plotting board. One group, X1 and Y1, are
used for the operation of one of the arms of a plotting board and the other outputs, X2 and
Y2, are for the operation of the other arm of the same plotting board. This allows two
arms to plot two different input data at the same time. Another provision of this equipment
is that it provides a +35 volt reference output and a -35 volt reference output which is used
for the operation of this rack in making the necessary analog conversions. External out-
puts of these reference voltages are provided for the use of associated analog equipment.

3-1.4. There is an INTERNAL-EXTERNAL reference switch on the Control Chassis
which can provide for an internally generated +35 volt reference voltage or, when in the
EXTERNAL position, allows this equipment to slave the reference amplifiers to an exter-
nally generated reference voltage, which must be +35 volts dc.
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3-2. CONTROL CHASSIS, MEC MODEL 1576-6A (figures 9-12 and 9-13)

3-2.1. Functions - The purpose of the MEC Model 1576-6A Control Chassis is
for the control and operation of the following functions:

a.

It provides the STAND-BY and POWER switches (S604 and S605) so that with
the STAND-BY switch turned on, only filament power may be supplied to the
vacuum tube portion of the system to give the filaments warm-up time before
B+ voltage is applied. The POWER switch turns on the rest of the a-c power
which turns on the B+ voltage to the vacuum tubes, and also turns on the
transistor voltage supplies (165-4A) so that the digital portion of the D-A
Converter can operate.

It provides a monitoring meter (MV601) with a selector switch (S603) so that
both phases of the input a-c power and the outputs of the various power
supplies may be monitored on the indicating meter. Also provided for
monitoring purposes, is thet and the - reference voltages and the output
from the Chopper Drive. The resistors in series with the meter have been
chosen so that the meter will register a reading of 10 for normal voltages
which should be encountered at the monitoring circuit. Since most of the
power supply voltages have adjustments on them, they can be adjusted to the
exact reading of 10 on the meter. The readings from these power supplies
should be within approximately® 2% of the 10 reading on the voltmeter.

The Control Unit provides the operation and choice between an external and an
internal reference supply for the analog portion of the equipment. When the
switch, S606, marked INTERNAL, EXTERNAL on the front panel is in the
EXTERNAL position, it allows the external reference voltage input (which must
be at a 35 volts), to enter plug 602, pin 10,which enters pin 4 of resistor
network RN44. R4 of the resistor network provides the input resistor to the
#1 Amplifier. R5 is an unloading resistor which provides an unloading
current so that there is negligible current drawn from the external reference
input. R1 provides the feedback resistor for amplifier #1. Since the ratio

of R1 to R4 is ""1", the gain of this amplifier is 1. 00 and the output will be

-35 volts. Resistor R2 and R3 provide the input and feedback resistor for

Figure 3-2. Control Chassis
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amplifier #2, which develops on its output +35 volts. Capacitors C624, C625 and ‘
C626 are used for stabilization of the amplifiers. When switch S$606 is in the

INTERNAL position, the D-A Converter will develop its own reference voltage

with the aid of an internal reference standard cell, SC601. When in this position,

Rl is in series with R6 located within the network RN44. Connected to the junc-

tion of these two resistors is the standard cell SC601, which is in series with the

input of the DC amplifier. Since the input to the DC amplifier has very little in-

put grid current, the drain upon this standard cell is negligible, and therefore its

output is very stable. This cell will operate a very long time without the need of
replacement, since there is almost no current drained from the standard cell.

d. The rest of the Control Chassis is used for the purpose of controlling the output
from the Computer which is furnishing the input data which will be converted
from digital to analog. This portion of the Control Chassis performs the neces-
sary operations so that the data consisting of 40 input serial bits may be detected
and shifted into a serial shift register, It also controls the parallel transfer of
the serial data into transistorized flip-flops which will operate the relays found
in the Data Summing Chassis.

3-2.2. In the following discussion of the digital operation portion of the Control
Chassis, continual reference to Figures 9-1 and 3-1 is recommended. If switch S601A is
in the OPERATE position, the change of "'select and ready' impulse from a d-c level of
0 volts to +8 volts, is applied through resistor R602 to pulse amplifier N601A, The output
of N6O1A is at -20 volts when "select and ready' is a "1" (+8 volts). The output of N601A
has three functions. The first (through diode CR601 to one-shot N602) and the second
(through capacitor C633 and diode CR632 to flip-flop N606) come into effect only when the
nselect and ready" input falls from +8 volts to 0 volts and will be considered at that time,
The third function of the N601 A output is to drive pulse amplifier N601B, where it is am-
plified and used to trigger flip-flop N606 through an open "'and' gate consisting of capacitor
C627, resistors R610 and R657. This "and' gate remains open except during a one milli-
second period following the drop of "'select and ready' and is controlled by the output of
one-shot N602. Since at this time this one-shot N602 is not triggered, the 1'and" gate is
open and the flip-flop N606 is triggered. The pin 8 output of flip-flop N606 is applied
through an "and" gate, consisting of CR604 and CR605, to emitter follower N607B which
forms the "D-A ready' signal to the Computer. The output voltage of this pulse is 0 volts
for a "1" and -8 volts *2 volts for a "0". The "D-A ready" signal will remain in a "1"
condition until a "sample'" pulse is received. When the “"sample' pulse is received on pin
5 of the input plug (P601), it triggers pulse amplifier N608 (provided that ''select and
ready" is in a ''1" condition as this input goes through an ""and" gate consisting of CR608
and CR609). The output to pulse amplifier N608 is at -20 volts during the time the "sam-
ple" pulse is a ''1", and is coupled through resistor R623 and capacitor Cé611 to pulse
amplifier N608B, which develops 0 volts during the time the '"'sample" pulse is a "1". This
10 microsecond "sample' pulse triggers one-shot N609, producing a 9 microsecond output.
The positive going pin 7 output, which has no delay, restored flip-flop N606 to the '"0" con-
dition, thus dropping the "D-A ready" signal. The "D-A ready" signal will drop to a "0"
or minus 8 volts in approximately 2 microseconds, The delayed output of one-shot N609
(9 microseconds) passes through an 'or' gate consisting of diodes CR610 and CR611 and
triggers 130 microsecond one-shot N610, which with no delay drives the core driver (N611)
which will shift the first bit of data through the shift register by one core. The delayed
output of N610, which is delayed by 130 microseconds, then triggers one-shot N605. After
120 microseconds the delayed output of N605 will go through capacitor C608 and diode
CR628 (an '"or' gate) and trigger flip-flop N606 to the '"1'" condition, thus developing the
second '"D-A ready" pulse. The next ''sample'' pulse will go through as the previous one
did and repeat the performance. That is, when it arrives it will turn off "D-AReady"
and after a total of 250 microseconds delay (one-shot N610 plus one-shot N605) will
once again turn on the '"D-A ready" signal. This operation will repeat

3-6
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for the total number of data bits and "sample'' bits. It can be seen that since ''select and
ready' developed the first ""D-A ready'" and '"sample' pulses developed the rest, there will
be a total of one more "D-A ready' signal than there were ''sample' pulses, The Computer
from which this D-A Converter is receiving data will use the last "D-A ready'" signal as

a disconnect signal and will drop ''select and ready' with this signal. When ""select and
ready" is dropped, a positive pulse is produced on pin 4 of pulse amplifier N601A and per-
forms two functions, First, the pulse passes through capacitor C633 and diode CR632 and
resets flip-flop N606 to the "0'" state, With the output of N606 removed from the "and"
gate composed of diodes CR604 and CR605, emitter follower N607B is turned off and pre-
vents any '"D-A ready'" signals from being sent to the computer, The second function of the
positive pulse from N601-4 is to trigger one millisecond one-shot N602, which in turn
triggers 4,5 millisecond one-shot N603, which produces the '""D-A hold'" pulse. The de-
layed pulse on pin 5 of one-shot N602 serves two functions: (a) it prevents any "D-A
ready' signals from being generated during this 1 millisecond time, and (b) it triggers
one-shot N604 after the delay of 1 millisecond. One-shot N604 produces the "reset trigger"
and''data gate trigger' necessary for the shift registers to transfer data. These two pulses
will be discussed in detail in paragraph 3-2. 4.

3-2.3., The data input (a d-c level) is applied to the input of emitter follower N607A
through an "and'' gate consisting of diodes CR502, CR613 and CR614. The other input of
the '"and'" gate is the output of one-shot N609 which was triggered with the ''sample' pulse,
Therefore, if data is a '"'1'" (0 volts) when "sample" triggers N609, the output from emitter
follower N607 will insert the ""1" data into core M603. Immediately after data is inserted,
a core drive pulse from N611 which was triggered by one-shot N609 through one-shot N610
shifts the data bit through pin 14 of plug P601 to the input of a 20 Bit Shift Register, There
is a total of 40 input data bits with 40 ''sample" pulses used to develop 40 shift pulses to
accumulate this data into the series combination of two 20 Bit Shift Registers.

3-2.4. The two signals mentioned previously called '""reset trigger' and ''data gate
trigger" operate on the 20 Bit Shift Registers in the following way. The ''reset trigger"
resets all the data flip-flops to the ''0" condition and the '"data gate trigger' produces a
50 microsecond gate which allows the data from the cores to be parallel transferred to the
flip-flops., For details on this operation see the write-up on the 20 Bit Shift Register
found in paragraph 3-5. In order that this data be parallel transferred, one more core
drive pulse is required so that the output of the cores can be superimposed upon the gate
pulse thus triggering the flip-flops into the necessary data pattern. This core drive pulse
is generated by the delayed output of one-shot N604 which produced a 6 microsecond delay
during the same time in which it produced the '"reset trigger'" and ''data gate trigger".

This delayed pulse triggers one-shot N610 through an "or" gate consisting of diodes CR611
and CR610 which triggers core driver N61l. All other core drivers are triggered at the
same time by N611, and thus a core drive pulse is generated 6 microseconds after the 'data
gate'' pulse went to the ""1'" condition and the new data word from the output of the cores is
now inserted in parallel into the data flip-flops which are used in conjunction with the Data
Summing Chassis and DC Amplifiers to produce the analog output. The system is then
ready to start the cycle over again when the "select and ready' signal goes to a "1".

3-2.5. N612, N613, N614, N615, and N616 are used in order only to develop test
signals. When in any of the test positions of the switch, S601, that is, positions 2, 3, 4,
and 5 of this switch, the test circuitry is allowed to operate in the following way. It pro-
vides a voltage to pushbutton switch 5602 which allows the operator, when this pushbutton
is pushed, to trigger 25 millisecond one-shot N612. The positive going output from pin 7
of this one-shot will trigger flip-flop N614 to the 1" condition, and 25 milliseconds later
the delayed output from pin 5 of one-shot N612 will open an "and" gate consisting of resistor
R637 and R638 so that the next pulse which is coupled through capacitor C621 from the out-
put of N616 through S601C and CR622, may trigger flip-flop N614 to the "0" condition. This
will produce on the output of this flip-flop a signal which is approximately 25 milliseconds
long and is keyed to the output of the '"test data' generators. The output of N614 generates
the 'test select and ready' and is applied to its input through diode CR620 and switch S601A. The
delayed output from one~shot N612 alsotriggers one-shot N613, whichin 100 milliseconds will
produce a pulse which goes through capacitor C619 and diode CR617and re -triggers one-shot N612
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so that the test cycle may be repeated. The rising edge of the "select and ready" pulse as ‘
described earlier develops a '"D-A ready', therefore the ''test select and ready" will do
likewise. This ""D-A ready" goes through switch S601D and thus triggers 10 microsecond
one-shot N615. This produces a 10 microsecond pulse on pin 7 which produces the next
“test sample' pulse, which after a series of events (250 microseconds) produces another
"D-A ready" which will produce the next "test sample" etc. The output of N615 which has
been delayed for 10 microseconds, triggers counter {lip-flop N616, which is producing
alternate "1'" and "0" for the "test data' input. The selection of either a ''0-1'" pattern or

a '"1-0" pattern is conditioned by switch S601C which determines at which time the 'select
and ready" signal will fall, Switch S601C as shown on the right hand side of {lip-flop N616
determines if a "'0-1", a "1-0" or all "1 or "0" pattern will be provided for the ''test data'
input. When the switch is in the second position, in which it is at -20 volts, an all "o"
pattern will be formed. When in the next two positions, alternate "1"s and '"0"s will be
formed; when in the last position, which is 0 volts, an all ''1" pattern will be developed.
Zener diode CR623 adds a +10 volts to this signal and thus it can be seen for a '"'1'" a +10
volts has been generated since +10 volts is a ''1'", This satisfies the conditions necessary
to insert '"test data" in lieu of ''data' from the Computer. Indicating light DS601 will blink
for 4-1/2 milliseconds each time a complete word has been received from the Computer
and also indicates that the hold relays are in a hold condition.
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3-3. D-A CONVERSION

3-3.1. A simplified block diagram of the D-A Conversion system of one channel of
the D-A Converter is illustrated in Figure 3-3. All items illustrated in this figure are
contained in the portion of the rack associated with one channel which consists of 1 DC
Amplifier, 1 Data Summing Chassis and 1/2 of a 20 Bit Shift Register, The DC Amplifier
which is associated with the Data Summing Chassis is placed directly above it. The Shift
Register is located beneath the Data Summing Chassis. The first 20 Bit Shift Register is
used to operate the first two Data Summing Chassis from the left side of the rack, and the
second 20 Bit Shift Register is used to operate the right hand two Data Summing Chassis,

3-3.2. Associated with Amplifier A is an input resistor R501 denoted R, and 10
binary weighted feedback resistors R502 to R511 denoted Ry. Across each individual
binary weighted resistor is an individual relay contact associated with the relays, Shown
above each relay in figure 3-3 is a destination corresponding to the binary weight of each
feedback resistor. The smallest resistor R511 corresponds to a binary weight of 1, and
the largest resistor R502 corresponds to a binary weight of 512. The outpﬂt voltage of
Amplifier A(Ep) may be calculated from the following formula: Ep-= -ER‘RP. This for-

i

mula states that the output voltage of a DC Amplifier is equal to the negative of the input
voltage times the ratio of the feedback resistor to the input resistor., Relays K502 through
K511 may be activated in such a way that the feedback resistance can vary between 0 ohms
and 12, 487, 750hms in 12, 2 ohm steps, resulting in output voltage changes between 0 volts
and ~34.9658 volts in 34. 2 millivolt increments at the output of Amplifier A. This 34,2
millivolt figure may be obtained by substituting in the preceding formula the values of
Er» Ry, and R, in the following manner:

EA =-35x12,2 = -0342 volts or -34, 2 millivolts
12,500

Ry, (feedback resistance) is the only value of resistor R511 in this particular case.

3-3.3. Table 3-1 contains several representative analog outputs corresponding to
various relay closures in the feedback circuit of Amplifier A, From this table, it can be
seen that when all relay contacts are open, the total binary weight is 1023 and the output
voltage E 5 at this time is ~34, 9658 volts. If only the contacts of relay K502 are open, the
binary weight is 512 and the output of the amplifier is -17. 5 volts. To obtain a binary
weight of 1 bit less, that is 511, relay K502 should be closed and relays K503 through K511
should be open. Voltage E, now changes from -17.5 to -17. 4658 volts (a difference of
34, 2 millivolts), If all relay contacts are closed, all feedback resistances are shorted out
and the output voltage E, becomes 0 volts. When only relay K511 is open, the smallest bit
is inserted into the system and the output voltage of the amplifier becomes -. 0342 volts,

3-9
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TABLE 3-1

D-A CONVERSION

TOTAL OPEN
BINARY RELAY INDICATORS Rb EA EB
WEIGHT CONTACTS ON
1023 All All 12,487, 75% -34,9658v +34.9658v
511 K503-K511 256, 128, 64, 6,237.8% -17.4658v - .0342v
32, 16, 8,
4, 2, 1
512 K502 512 6, 2504 -17.5v + .0342v
449 K503-K505 256, 128, 64 5,480.95Q -15,3467v - 4,2724v
K511 1
448 K503-K505 256, 128, 64 5,468.75Q -15.3125v - 4,3408v
0 None None oQ Ov -34,9658v
1 K511 1 12.2Q - .0342v -34,9316v

3-3.4, Itis obvious that any binary weight between 0 and 1023 can be obtained by
combinations of the various relay closures. For example, if a binary weight corresponding
to 448 is desired, it may be obtained by opening relays K503, K504 and K505, which results
in a feedback resistance of 5468. 75 ohms and the output voltage of amplifier A becomes
-15.3125 volts as illustrated in Table 3-1. If the next higher bit, 449, is desired, relays
K503, K504, K505, and K511 should be opened. The feedback resistance will now be
12. 2 ohms greater (5,480.95 ohms) and the output voltage will be . 0342 volts greater
(-15. 3467 volts).

3-3.5. In addition to the previously described components of the D-A Conversion
System are the holding relay K501 and the B amplifier with its associated input and feedback
components. The holding relay K501 is a mercury-wetted, polarized, high speed relay used
to disconnect the input to the B amplifier during the time the digital pattern is changing. The
holding relay signal is triggered by the arrival of the "read-in" pulse (approximately 5
millisecond duration) which energizes the holding relay; the holding relay then opens the in-
put to the B amplifier. The B amplifier output is prevented from decaying to 0 volts by the
.5 microfarad capacitor C502, which holds the output to approximately the same voltage es-
tablished by the feedback resistor pattern from the previous frame. The new data signal
pattern is applied in parallel to the ten flip-flops which in turn operate the ten relays in the
Data Summing Chassis. After the relays have repositioned, and have set up a new '"'1"-"0"
feedback resistor pattern (approximately 1 millisecond) the holding relay signal ends, de-
energizing the holding relay and reconnecting the input to the B amplifier. The output of the
B amplifier is derived from the following equation:

EB = -EA R513 -ER R513 = -EA(IOO, 000) -35 ( 100, 000 )volts
R512 R514 50, 000 100, 097. 7
Eg = -(ZEA+34. 9658) volts

3-3.6. Examples of D-A Conversion

, 3-3.6.1, Example A - Assume a signal pattern consisting of all "1'"s is
received by the Converter in one channel. Relays K502 through K511 are energized and
Ry, consists of the series equivalent of resistors R502 through R511.
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‘ : The output of amplifier A is derived by:

R
EA = -ER __lz volts
R;

EA =35 12,487.75 volts
12,500 )
EA = -34,9658 volts

The output of the amplifier B is derived by:

E_ = -(2E, + E_ R513
A
B R514

} volts

Ep = - [2(-34.9658) +34,9658] volts

EB = +34,9658 volts
Therefore, for a signal input pattern consisting of all '""1'"s, the output of one analog channel
is +34. 9658 volts, which is within the specified system accuracy of 68. 4 millivolts
( 1 binary digit).

‘ 3-3,6.2. Example B - Assume a signal pattern of all '"0''s is received by the
Converter in one channel, Relays K502 through K511 remain closed and Rb is equal to
0 ohms, The output of the A amplifier is therefore:

EA = =35 x 0 volts
12,500
E = 0 volts
A vo

The output of the B amplifier is:

Ep = -(0 +34.9658) volts

EB = -34.9658 volts

Therefore, for a signal input pattern of all "0''s, the output of one analog channel is
-34,9658 volts. For further comparison of E, and EB versus data inputs, see Table 3-1,

3-3,6.3. Visual indication of the energized Data Summing relays is pro-
- vided by means of neon lamps mounted on the front panel of each Data Summing Chassis.
The column titled ""Indicators On'" of Table 3-1 pertains to these neon lamps.
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3-4. DATA SUMMING CHASSIS, MEC MODEL 1576-5A (Figures 9-3 and 9-4)

3-4.1 General - The components of the Data Summing Chassis are suitably packaged
to facilitate easy plug-in to a mating assembly located in the rack. Resistor R501 through
R514 are mounted in a sealed silicon oiled filled aluminum casting located in the chassis
as illustrated in figure 3-4. Connections to circuitry located within this container are

B

Figure 3-4. Side View, Data Summing Chassis

made through a silicon rubber connector in the upper section of the container. The cast-
ing may be opened for servicing, if necessary. Should any difficulty with the networks
arise, other than that portion associated with the feedback of amplifier B, the units should
be returned to the manufacturer for repair., DO NOT ATTEMPT FIELD REPAIRS. Elev-
en mercury-wetted relays, K501 through K511 are located on a bracket directly above the
oil filled container. Polarized mercury-wetted relays have been utilized to insure long
_contact life and to minimize operation and release times. On the front panel of the Data
Summing Chassis are 10 indicator lamps which are labeled in accordance with the binary
weight they represent in the circuit, that is, between 1 and 512. Since all relays in this
unit operate in a similar manner, the following discussion will be concerned only with
relay K511 and its associated circuitry.

3-4.2 Detailed Theory - If a '"l'", or 0 volts significant data level is received at
terminal 17 of connector P501, current flows from the data input through resistor R546
and through the coil of relay K501 from pin 8 to pin 7 to the -20 volt bus. This current
energizes relay K511 placing resistor R511 in the feedback loop of DC amplifier A.
Resistors R502 through R510 are shorted out by the wipers of relays K502 through K510,
When the input level returns from 0 volts to -20 yolIts, terminal 8 is pulled down toward -70
volts by resistor R525, thus giving the reverse bias on resistor R546 and the current is
caused to flow from the -20 volt supply through the coil of relay K511 and resistor R525
in the opposite direction than before. The drop out time of the relay is greatly reduced by
forcing current back through the relay coil as the relay is being de-energized. Indicators
DS501 through DS510 employ individual neon lamps. These lamps will light when the input
to terminal A is at 0 volts which gives a total of 70 volts across the neon and its associated
resistor R535. When terminal A of the indicator lamp is returned to -20 volts, there is
only 50 volts across the lamp and its resistor. This 50 volts is insufficient to keep the
lamp conducting, therefore it will go out.

3-15
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3-4.3 A complete description of the utilization of the binary weighted resistors and ‘
their relationship to the DC Amplifier was discussed in paragraph 3-3 "D-A Conversion''.
All other relay inputs to the Data Summing Chassis operate in exactly the same manner
as the one previously discussed.

Figure 3-5. Data Summing Chassis
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3-5. 20 BIT SHIFT REGISTER, MEC MODEL 1576-7A (Figures 9-5 and 9-6)

3-5.1. General - The function of the 20 Bit Shift Register is to accumulate data in
serial form and transfer it into a parallel form. The data is received serially and stored
in 20 magnetic cores (M701 through M720). Upon command, the data is read into 20
flip-flops N701 through N720 and will remain there while new data is being shifted through
cores M701-M720.

3-5.2. Detail Theory - In the Control Chassis two pulses are derived; a ''reset
trigger' (from -20 volts to 0 volts, width 4 microsecond) and a ''data gate trigger" (from
-20 volts to 0 volts, width 4 microsecond). The flip-flop ''reset trigger' is capacity
coupled through C701 to pin 3 of one-shot N723, with emitter follower output. When pin
3 of N723 goes positive (from -20 volts to 0 volts) the output pin 7 goes positive (from -20
volts to 0 volts, width approximately 5 microsecond). Pin 7 of N723 is capacity coupled
through C702 to pin 6 of all the flip-flops (N701 through N720). Pin 6 of N701 through
N720 is biased at -10 volts by resistors R721 and R722, Therefore, as pin 7 of N723
goes positive (from -20 volts to O volts), pin 6 of all the flip-flops goes positive (from
-10 volts to about + 7 volts), resetting all the flip-flops to the ""0'" state. The states of
the flip-flops (TN28) are defined as (a) when pin 8 is at 0 volts the flip-flop is in a "'1"
state, and conversely (b) when pin 8 is a -20 volts the flip-flop is in a '"0" state. At the
same time that the flip-flop ''reset trigger' enters the shift register a '"data gate trigger"
(from -20 volts to 0 volts, width 4 microsecond) triggers pin 3 of one-shot N722., The
pin 7 output of N722 goes to pin 5 of all cores M701 through M720, and is called the
flip-flop-gate. When pin 3 of N722 is triggered, the output provides a gate pulse (-20

20 BIT S.R.
Cb .

| 1576-7A

Figure 3-6. 20 Bit Shift Register
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volts to 0 volts, width 50 microseconds) and pin 5 of all cores goes positive from -20 volts

to -2 volts, for 50 microseconds. R703 and R708 are used to give a -2 volt noise bias when
the gate is open. Since the gate raises pin 5 of M701 through M720, subsequently pin 4 of
M701 through M720 rises to -2 volts, but the flip-flops will not trigger. A voltage equal to
or greater than 0 volts must be present at pin 3 of the flip-flops in order for a change of
state to occur. The next shift pulse will cause the states of the cores to be read out into
the flip-flops. This shift pulse will be during the flip-flop gate and will cause the readout
from the core to transfer their data to the flip-flops. Assuming that there was a ''1" in the
core, a 10 microsecond pulse, of 5 to 8 volts in amplitude will be super-imposed on the
flip-flop gate at pin 4 of the cores, causing pin 3 of the flip-flop to go positive enough to
change the state of the flip-flop to a "1". If there was a "0'" in the core, only the flip-flop
gate will be present at pin 4 of the core; consequently pin 3 of the flip-flop will go positive
to only -2 volts, which is insufficient to change the state of the flip-flop. Since the flip-flop
is initially reset to the "0'" state, and this state remains unchanged if the core is in the '"'0"
state, effectively one may say that the data in the core has been transferred to the flip-flops.
The states of the cores are determined by the data which is read in serially. The serial
data read in and the core shift pulses occur at the same time and their repetition rate can
be up to 4000 per second. Pin 8 of M701 is the data input. Pin 9 of M701 is directly
coupled to pin 8 of M702 and pin 9 of M702 is directly coupled to pin 8 of M703. This is
repeated from M703 through M720 and constitutes a serial read in arrangement. Since all
pin 5's of the cores are connected together and the flip-flop gate occurs at all cores simul-
taneously, the data is read out on pin 4 of the cores to pin 3 of the flip-flops, in parallel.
Operation of the core string is explained in detail in the Appendix in '""Magnetic Cores'
section. N72l is a core driver operating with a blocking oscillator core (M721). The data
in the flip-flops is read out continuously except for data transfer time. This is the time
between reset and when the new data is read out of the cores. Each flip-flop N701 through
N720 has an output connected to pin 8 of the network. C704 and C705 are used as filter
capacitors between the power input voltages. Diode CR701 and resistors R704 and R705
make up a noise bias input circuit. CR703, R706 and R707 are also used for noise bias.
R701 and R702 form the -10 volts for bias of the off sides of the flip-flops.

3-5.3, The 20 Bit Shift Register has a building capacity, in that a number of them
can be connected in series to facilitate any number of bits in a word.
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3-6. CHOPPER DRIVE CHASSIS, MEC MODEL 77-9A (Figures 9-7 and 9-8)

3-6.1. The Chopper Drive Chassis, Model 77-9A contains the necessary circuitry to
drive the DC Amplifier choppers. This circuitry primarily consists of a plug-in transis-
tor network TN134 and four transistors, Ql, Q2, Q3 and Q4 and their associated coupling
circuits. On the front panel of the chassis are three test jacks which are labeled as shown
on figure 3-7. A detail theory of operation of the TN134 is given in the APPENDIX under
the heading ""TN134 Gated Oscillator and Squaring Circuit. "

3-6.2. The TNI134 operates as a Colpitts oscillator which is resonated by split
capacitors Cl and C2, in parallel with an inductor L1. This circuit is tuned to 94 cycles
and can be adjusted by the variable inductor L.1. The square wave output of pin 8 of the
TN134 is applied through resistor R1 to transistor Ql. The collector output of Q1 is
brought out to test jack TJ2 for monitoring purposes and is also applied to the base of Q2
which is used as a pulse amplifier. The output of Q2 is applied to the power output circuit
consisting of Q3 and Q4. The emitter output of Q4 is coupled via C3 to the Chopper Drive
output which will drive the chopper coils in the DC Amplifiers. Test Jack TJ3 is for moni-
toring the output of this circuit.

Figure 3-7. Chopper Drive Chassis
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3.7. DC AMPLIFIER CHASSIS, MEC MODEL 63~4C (Figures 9-9, 9-10 and 9-11)

3-7.1. The DC Amplificr Chassis is a dual package containing two identical direct
coupled DC amplifiers, Each DC amplifier contains a scparate stabilizer portion to insure
low DC drift. For correct operation, the DC amplificr unit must be supplied with the fol-
lowing d-c and a-c signals:

+250v%

~250v*

-560v (.88 milliamperes)

12.6 vac at -125v reference (1. 05 amperes)
12. 6v at ground (. 6 amperes)

[a VN oW o i Y

L¢3

All amplifier computing networks must be supplied externally to the amplifiers. These com-
puting networks are usually located in sealed containers in other elements of the overall
equipment rack. Before proceeding with a detailed explanation of the DC Amplifier Chassis,
a general theory of DC amplifier operation will be briefly covered to illustrate various com-
puting circuit logic as well as the method of stabilization against drift,

3-7.2. Figure 3-9 illustrates the amplifier connected as a summing amplifier.
Assuming that the gain of the amplifier (-4) is very large (approaching infinity), it follows

that the input voltage ''e'" e = - Eo approaches 0 and the following equation may be written:
I +1 =1
1 2 o
E -e E
Where I = 1 or 1 since e = 0 (1)
R Ry
E -e E
I2 = 2 or 2
-E -e -E
I = (o] or o
° R R
o o
i + E2 - -E0
Ry 2 R (2)
-R -R
- o
Eo o El E2
R} R, (3)
= <K -
Eo 1 E1 K2 E2 (4)
Where
K R and K = R
1 = o 2 o
Ry R2

*#Current drawn from the +250 and -250 volt Supplies depends upon the load into which
amplifier is to be operated. The nominal value is 12. 25 milliamperes.
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Equation (4) indicates that the DC amplificr output voltage is proportional to the sum of the
input voltages multiplied by their respective network constants. This is true for any
reasonable number of inputs.

3-7.3. Figurc 3-10 shows the amplifier connected as an integrating amplifier. Con-
sidering "'¢'' to be 0 (see preceding derivation) the following relationships will be found to
exist:

B
1, - _
1 (1)
2
1 = -C de, (3)
dat
Since
I + 1 =
R (4)
dE
By vH, =2 (5)
® %, dt
t t
-CE . /El dt . [ E a )
(o] — /' .
/ R R
o 1 o / 2
t t
E = - 1 E dt + E_ dt 7
R C
o (o 29
t Ll
/
E = - t - ! E_ dt 8
. K, E, d kK, ! E, (8)

Equation (8) indicates that the output voltage of an amplifier connected as illustrated in
figure 3-10 consists of the sum of the integrals of the various input voltages divided by their
respective network constants.

3-7.4. Figure 3-11 shows the amplifier connected as a differentiating amplifier.
Considering "¢' to be O (see first derivation), the following relationships will be found to
exist: dE

1 = -C 1
! dt (1)
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E
1 = o
(o] ——
= (2)
o
Since
1 =1
1 ° (3)
dE E
-Cl 1 = o v
at R (4)
o
dE
E = -R C 1
o] (] 1 —d; (5)
E = -K dEl (6)
o dt
Where
K = -R

The output of the differentiating amplifier, illustrated in figure 3-11, is the first derivative
(rate of change) of the input voltage, multiplied by a constant determined by the network.

3-7.5. Figure 3-12 shows the method by which drift stabilization is accomplished.
Offset voltage ''e "' is defined as the voltage required at the input terminal of the amplifier
to make its output equal zero. Offsetis generally due to three main causes.

a. Drift of elements within the amplifier,
b. Grid current at the input terminal.
c¢. Improper grounding.

Precautions have been taken during manufacture to eliminate the latter two causes while a
stabilizer of the type shown in figure 3-12 is added to reduce the effects of the first cause.

eq -~ drift referred to input (voltage that would be required
at input to make output zero)

-y = gain of DC portion

Hp = gain of DC portion associated with stabilizer

DC gain of stabilizer amplifier

5

E, = -He) the,
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e = e, -e = Rl
1 j d R T R (7o -ey)
1 o
L,e M R1 E
e = - = -
2 3% 3 (R " R) o
1 o}
E = R
o VB t ettty T (B
1 o R, +R
1 o
E #18g
o = R
Vot (g +pp,) 1
1 L L
1 o
since (Ml + “2“3) M1
EO = 'ul ( Rl + RO) ed
Myt HyHy Ry
If there were no stabilizer then ,u3 = 0 and
E = R1 * Ro e
o) { R ) d
1
Therefore the stabilizer reduces drift by the factor ‘Ml
o2 1 + M2M3
A ssuming ‘U'l and ,uz almost equal and ’U'Z’u3 >> ul, drift is reduced by the factor 1__ or
)7
3

by a factor proportional to the DC gain of the stabilizer. It should be noted that when the
stabilizer is added to an amplifier there are two DC paths between the input and output of
the amplifier; one via the normal DC coupled section, and the other through the stabilizer
and that portion of the DC coupled section associated with the stabilizer portion from the
summing juncture. A capacitor is placed between this input stage grid and the summing
juncture. The normally DC coupled section in essence then becomes capable of pass-
ing frequencies only above a minimum frequency as determined by the time constant of
the input circuitry; hence this portion is no longer direct coupled. The time constant of
this input circuit is so apportioned that those frequencies blocked (low frequencies down
to dc) are ones capable of being passed by the stabilizer portion. In this way the ampli-

fier is capable of operating over the full frequency range and down to dc.
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3-7.6. Two indicator lamps, two screwdriver-adjustable potentiometers, two push-

- button switches, and two test jacks are located on the front panel. One lamp, potentiometer,
pushbutton switch, and test jack appear on the left portion of the panel and are denoted by

a letter designation A, while the other indicator, potentiometer, pushbutton, and test jack
appear on the right portion of the front panel, and are denoted by a letter designation B.
These controls, indicators, and test jacks are associated with the two amplifiers located
within the chassis; the A amplifier being located in front and the B, in the rear.

a. The output terminal of each amplifier has been brought out to the
small test jacks to enable the operator to place a cope, meter or
other instrument on the output of each amplifier for any test purposes
desired.

b. The potentiometers allow for balancing the DC amplifiers. To balance
a given DC amplifier, depress the pushbutton immediately below the
balance potentiometer and adjust the potentiometer so that the neon
indicator located directly above it is extinguished. Once the adjust
ment has been made, the pushbutton is released and the amplifier is
balanced.

c. With the pushbutton released the neon indicator acts as an overload
indicator for the amplifier. Whenever the amplifier reaches the end
of its operational range the overload indicator will glow indicating that
the computation is no longer correct. Overload condition is usually
caused by exceeding the output capabilities of the amplifier either be-
cause of excessive output voltage or excessive load.

3-7.7. Figures 9-9, 9-10 and 9-11 are schematic and wiring diagrams of the DC
amplifier., Note that in figure 9-9 there appear two identical DC amplifiers. The amplifier
located in the upper part of the schematic is amplifier A; that in the lower portion, ampli-
fier B. Since A and B amplifier sections are identical, only the A section is described.

DS403
DS 40

R447
R414

5402
sS40l
TJ40I Tage

¢

Figure 3-8. DC Amplifier Chassis
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3-7.8. Amplifier A is composed of a direct-coupled amplifier and a drift ‘
compensating section. The DC, or direct coupled section, is comprised of tubes V401,
V402, and V403, and associated components. The drift stabilizer portion is represented
by converter K401A and tube V404, along with associated components. The junction of the
external input and feedback network elements is coupled to terminal 1 through a coax cable
within the rack. Terminal 1 is the input to amplifier A and is normally referred to as the
summing junction. The input (error signal) from the summing junction is coupled via
capacitor C402, resistor R404 and diodes CR403 and CR404 to the input grid (terminal 7)
of input stage V401l. Unless diode CR403 or diode CR404 is conducting, direct coupling
between the input terminal 1 and the grid of the first amplifier tube is lost due to the
coupling condenser C402. In actual operation both the amplifier grid (due to R404) and the
summing junction (due to the action provided by the stabilizer loop) are operating at very
near ground potential; therefore, diodes CR403 and CR404 are operating in a non-conduct-
ing repion, Under these conditions condenser C402 blocks grid current that may be gener-
ated by tube V401 from the summing juncture, the grid current leading to ground through

the path provided by ro<i~ior RAC4, DNt 02400 4nd (OR 404 are placed in parallel with
C402 in Hreer that the veliage across G462 can be Jinvaed 1o witnin the nperational range
ol the input grid of tube V401 during overload concitions o the 2 armpliiisr, thas rapid

recovery upon discontinuance of the overload condition is assured. The DC path required
for operation of the amplifier is now obtained through the stabilizer portionand reinserted
into the right-hand section of tube V401. This right-hand section is cathode coupled into
the first section that is in turn directly coupled throughout the remaining DC portion to the
output terminal of the amplifier. The amplified output signal appearing on the plate (pin 6)
of input tube V401 is directly coupled by means of resistors R416, R415 and balance poten-
tiometer R414 to the input grid of pentode amplifier tube V402. Under normal operational
conditions the plate (pin 6) of V401 is operating at approximately +60 volts with respect to
ground. The divider network, consisting of resistors R416, R414 and R415, is connected
between this +60 volt plate voltage and the -560 volt bias voltage to provide approximately
-254 volts on the grid (terminal 1) of tube V402, Since the cathode of tube V402 is tied
directly to the -250 volt Supply, a bias of approximately -4 volts results. The screen

(pin 6) of amplifier tube V402 is stabilized by means of cold cathode neon lamp DS401, to
approximately 65 volts above the cathode voltage (-250 volts). The plate (pin 5) of tube
V402 is returned through resistor R418 to the +250 volt-Supply. The output of tube V402 is
therefore able to swing between a voltage near +200 to a voltage near -200 depending upon
the input signal. The output of pentode amplifier V402 is coupled to pin 2 of output tube
V403B by means of a voltage divider consisting of resistors R423 and R427. Since the plate
of pentode amplifier V402 operates approximately 125 volts positive with respect to its
cathode (-250 volts), the plate is at approximately -125 volts with respect to ground. This
negative 125 volts when coupled through divider R423 and R427, causes the grids of the
output stage V403B (terminal 2) to assume approximately -266 volts; i.e., a grid bias of
approximately -16 volts exists,

3-7.9. The elements in output tubes V403A and V403B are connected in what is gen-
erally called a Peterson amplifier circuit, This circuit operates as follows: tubes V403A
and V403B and resistors R429 and R430 are connected in series across the +250 volt and
-250 volt Supplies. The grid of V403A is biased by the drop across resistor R429, the
value of R429 being chosen such that maximum output load conditions will be met. As the
grid of V403B is made more positive, the plate of V403B will be moved below ground po-
tential causing increased current to flow between the +250 volt and -250 volt Supply. This
increased current increases the IR drop across resistor R429 resulting in increased bias
on tube V403A, and therefore, in a net increase in the plate resistance of this tube. If a
load is connected to the output circuit, it can be seen that the biasing of V403A will be even
more rapid for a given bias change on V403B due to increased drop across R429. As a
result, for a negative going output excursion the current drawn from the +250 volt Supply
will decrease as the output increases negatively. Conversely, if the bias on tube V403B is
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made more negative the plate voltage of V403B tends to rise, reducing the current flow
through resistor R429, thereby decreasing the bias on tube V403A, This in turn causes
V403A to furnish the necessary current to produce the positive output excursion. Resistor
R430 acts as a limiting resistor for positive excursions of amplifier output. This resistor
is necessary in order that the plate dissipation of tube V403A not be exceeded under certain
load conditions.

3-7.10. The overall gain of the DC portion of the amplifier is approximately 40, 000,
During applications the amplifier may be called upon to operate at various gains between
zero to 100 or more. It is necessary that proper roll-off networks be placed in the ampli-
fier to prevent instability under conditions of large changes of feedback ratios. The parti-
cular roll-off networks utilized in the amplifier will depend upon application. These net-
works consist of capacitors C406, C410, C423, C425 and C427 and resistors R417, R424
and R428. In the amplifier proper, most of these networks are mounted by means of screw
type tie points; therefore, it is possible to change these networks without soldering. In any
given amplifier it is unlikely that all of the resistors and capacitors will be utilized at one
time for cutoff purposes.

3-7.11. A mathematical derivation covering the operation of the stabilizer circuit
was presented in paragraph 3-7.5. The stabilizer circuit operates by sampling the error
voltage (e) appearing on the summing juncture, amplifying, then reinserting this amplified
signal into the DC portion of the amplifier in such a manner as to cause a reduction in the
original offset error. Referring to figure 9-9 (schematic), the summing juncture error
voltage is coupled to the input of the chopper circuit by means of resistors R403, R401 and
R402, A mechanical (or electronic) chopper, K401A, alternately shorts and opens, causing
a square wave proportional to the magnitude of the error voltage to be applied to the grid of
a-c amplifier tube V404A. The a-c signals applied to the grid of amplifier tube V404A are
amplified and coupled by capacitor C405 to the input of amplifier stage V404B. Here again
the signals are amplified and coupled by capacitor C409 and resistor R432 to a second set of
contacts in converter K401A, This second set of contacts is used to rectify the a-c signal
from the output of tube V404B to restore the d-c component to the signal. The rectified
signal is coupled via an RC filter, consisting of resistor R433 and capacitor C4l1, to the
input grid of the right-hand portion of input stage V40l. As previously described, this stage
is used to cathode couple the amplified stabilizer error voltage signal to the first amplifier
tube in the DC portion of the amplifier. This signal in turn modifies the output of the DC
amplifier so as to reduce the error voltage occurring at the summing juncture.

3-7.12. Resistor R403 and diodes CR401 and CR402 act as a voltage-limiting device
to the input of the stabilizer portion of the amplifier. When the rise time characteristics of
the input signal to the overall DC amplifier exceed the frequency capabilities of the ampli-
fier (as determined by the roll-off networks) a transient will appear at the summing juncture,
Resistor R403 in conjunction with diodes CR401 and CR402 limit this transient before appli-
cation of the summing juncture error signal to the stabilizer input filter consisting of re-
sistors R401 and R402, and capacitor C401. This latter filter in turn reduces the magnitude
of such impulses before application to the input of the first amplifier tube V404A. DC Am-
plifier 63-4A may therefore be utilized for pulse type as well as d-c type signal inputs. A
polystyrene condenser C403 is connected between the output of filter R401, R402, C401 and
the grid of the first amplifier stage V404A, thereby effectively blocking any grid current gen-
erated by tube V404A from the summing juncture. The grids of a-c amplifier tubes V404A
and V404B are operated at fixed bias of approximately -1 volt, developed by means of re-
sistor dividers R425 and R408. Tube V404A amplifies the chopped signal appearing at the
junction of converter K401 A and capacitor C403. This amplified signal has a portion of the
higher frequency components removed by a roll-off network consisting of resistor R413 and
capacitor C404 before application to the second amplifier stage V404B. A second roll-off
network consisting of resistor R420, R421 and capacitor C408 is associated with this second
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stage to further remove high frequency components.

3-7.13. The amplified signal from tube V404B is capacity coupled via capacitor
C409 to a second (rectifying) portion of converter K401A. This resultant rectified signal
is applied to an RC filter consisting of resistor R433, capacitor C411, and diode CR406.
Positive output excursions appearing on the filter (i.e., on the input of tube V401l) are
limited by conduction of the grid (pin 2) of tube V401 through the cathode and diode CR405
to divider network R410, R411 and R412. Diode CR406 limits the negative excursion
appearing on the output of the filter (i.e., on the grid of V40l). Neon overload indicator
DS402 is connected across the output of amplifier tube V404B. When an overload occurs,
the summing juncture no longer remains at ground potential and a relatively large signal
is coupled to the input of the stabilizer circuit. This signal is amplified by tubes V404A
and V404B, producing a large output signal at pin 6 of tube V404B, thereby energizing
neon overload indicator DS402,

3-7.14. Balancing of the DC amplifier is accomplished by utilizing the stabilizer
amplifier as a means for determining whether or not any offset voltage exists on the input
terminal (summing juncture) of the DC amplifier. During this measurement the stabilizing
correction signal must be removed from the DC portion of the amplifier and condenser
C402 must be shorted. Balancing is accomplished as follows: depress BALANCE push-
button S401 to remove stabilizer correction signal from pin 2 of tube V401 by shorting
condenser C4l1l to ground. In addition, contacts 1A and 1B of switch 5401 short condenser
C402. If balance control R414 is now rotated, the offset signal appearing at the summing
juncture may be negative, zero or positive. If the signal is at or near zero, balance indi-
cator DS401 will be extinguished. If the balance control is moved to either side of the
balance position, the neon indicator will glow. When the balance potentiometer has been
adjusted so as to cause the indicator to extinguish, the offset signal at the input of the am-
plifier will be less than 10 millivolts. Upon the release of the BALANCE pushbutton,
stabilization is reinserted in the amplifier circuit (tube V401B) and the offset will decrease
to less than 50 microvolts.

3-7.15. As the amplifier stands it is capable of driving a 4, 000 ohm load to 1100
volts or a 10, 000 ohm load to 1140 volts. If the amplifier is to drive lower loads, external
resistor R should be added in accordance with the table shown in the lower portion of
figure 9-9. These resistors should not be added unless the load is actually to be driven,
as this not only increases the current drain from the Power Supply, but in some instances
can result in over-dissipation within the output tube over certain portions of the output
range,

3-7.16. Nearly all amplifier troubles manifest themselves in three forms:

a. Inoperation due to a tube failure, *

b. Inoperation due to a bad mechanical converter K401. *

c. Noise in the output due to a faulty tube. *

d. In the cases where solid state converters are utilized in place of
mechanical converters, occasionally one of the incandescent lamps
will fail, This should be replaced only with a type 49 lamp.

e. A Mechanical Converter Test Set, Milgo Type 63-4AX should be
used should realignment become necessary. This Test Set is shown
shown schematically in figure 9-2.

*The corrective action is to replace the bad element,
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CHAPTER IV
OPERATION

With all rack connectors properly connected and the a-c input power supplied to the
D-A Converter the following steps are required for operation.

a.

Place the a-c power switch located at the lower rear of rack to the
ON position. The red indication lamp will glow. Place the STAND-
BY switch located on the front panel of the Control Chassis to the ON
position. The amber filament indicators located on the high voltage
supplies 1576-4A and 1576-3A will light and the Blower should oper-
ate. CAUTION: If the Blower is not operating, check in the rear of
the rack to make sure that the power switch located on the Blower
itself is in the high position. The Blower should be operating before
any other steps are considered.

Allow at least one minute for the filaments of the vacuum tubes to
heat up before turning on the POWER switch to the ON position.
When the POWER switch is turned to the ON position, red plate indi-
cator lights on the high voltage Power Supplies will glow.

Check the output voltages of all the power supplies utilizing the meter
located on the Control Chassis and by operating the VOLTAGE
SELECTOR switch, rotate it to each position and observe the meter
which is indicating the voltage of the power supplies in each position. .
The meter should indicate a reading of 10 on each position, and the
power supplies should be within this reading by - 2%. Y¥or a more
accurate adjustment of each power supply, an accurate voltmeter
may be used to adjust the operation voltages.

Balance all DC Amplifiers in the DC Amplifier Chassis; balance the
A amplifier first and then the B amplifier. This is accomplished
as follows,

(1) Depress pushbutton S401.

(2) Rotate potentiometer R414 until the neon indicator DS401 is
extinguished.

(3) Release pushbutton.

(4) Repeat for S402, R447 and DS403 for the B amplifier.

(5) Repeat the above procedure for each of the five dual D. C.
Amplifiers. :

Switch the INTERNAL-EXTERNAL reference switch to the desired
position. If an external reference voltage is being utilized, operate
switch to the EXTERNAL position. If there is no external reference
voltage for use, switch to the INTERNAL position. Rotate the

VOLTAGE SELECTOR switch to the + REF position and to the -REF
position and see if the meter is reading 10. The reading should be
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very close to the 10 reading. If freference voltage reading is de-
sired to be read accurately an external accurate voltmeter should
be used to test these voltages which are available on the test jacks
found on the front of the reference DC Amplifier, which is the one
in the lower right hand corner of the fifth row of chassis., When
using an external meter, which is accurate, the reference volt-
ages should be exactlyt 35,0 volts and -35.0 volts. Rotate the
TEST SELECTOR switch to pattern #1, Watch the indicators as
found on the Data Summing Chassis. All lamps should be extin-
guished. Rotate to pattern #2., Alternate lamps should be on.
Rotate the switch to pattern #3. The lamps which were previously
on should be extinguished and the ones which were off should now
turn on. Rotate the TEST SELECTOR to pattern #4. All lamps
should now be on, If there is no malfunction within the D-A Con-
verter it is now considered to be in operation. Rotate the TEST
SELECTOR switch to the OPERATE position which is the first
position from the left. The system is now in an OPERATE mode.
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CHAPTER V
INSTALLATION

5-1. GENERAL
No special considerations are necessary in selecting a site for the D-A Con-
verter. This unit is completely self-contained and the rack provides adequate shielding
for operation under normal operation environments,

5-2. INPUT AND OUTPUT CONNECTIONS

External connections to the D-A Converter are made to three different MS type
connectors. Table 5-1, 5-2 and 5-3 list each connector and its associated cable
information. It should be noted that during installation the a-c power cable and the
digital input cable should be isolated from the analog output and reference voltage
cables. They may occupy the same cable trough but must not under any circumstances
be harnessed or tied together into the same cables.

5-3., INITIAL ADJUSTMENTS

There are no initial adjustments required prior to operation of the equipment,
However, it is strongly urged that the Theory of Operation and the Operation sections
be read and completely understood before trying to operate the equipment.

TABLE 5-1. ANALOG CONNECTOR J18 TABLE 5-2. POWER INPUT J19

Terminal Identification AWG Terminal Identification AWG

Y; Analog Output RG62U A 120 vac ¢1 #12
B 120 vac Ground #12
C Frame Ground #12
-Ref. (-35 volts) D
E 120 vac §2 #12
H. Q. Gnd. #14 or
larger
for long

Ref, ( 35 volts) runs.

X Analog Output RG62U TABLE 5-3. DIGITAL INPUT J20

NMXNE<SKCHLIYZZER“TQHBOOW >

Y, Analog Output RG62U Terminal Identification AWG
A Data Input RG62U
B ""Sample' Input RG62U
C
D
X5 Analog Output E Signal Ground #14
F
Ext. Ref. Input RG62U G
( 35 volts) H "Select and RG62U

Ready'' Input
"D/A Ready" RG62U
Output

o
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CHAPTER VI
MAINTENANCE

6-1 GENERAL

Since a large portion of the circuitry within this D-A Converter except for DC
Amplifiers is made up largely of transistor circuits and magnetic cores, it is not ex-
pected that malfunction will occur for long periods of operation time. However, mal-
function of individual parts are expected and can be located by normal trouble shooting
operation. The necessary test equipment for normal maintenance of the D-A Converter
is a Mechanical Converter Test set, MEC Type 63-4AX, an oscilloscope and an accurate
VOM meter. Many of the malfunctions can be located by observing the neon lamps located
on the front panel of the various chassis.

6-2 PREVENTATIVE MAINTENANCE
Preventative maintenance is recommended for the following parts of equipment.

a. The blower filter should be removed and cleaned in a solution of
warm water and detergent or cleaned with a vacuum cleaner at least
once each week.

b. The various electronic tubes should be tested periodically (approxi-
mately every 1,000 operating hours. )

c. The adjustments of the voltage control on each of the power supplies
should be checked to see if the correct voltage may be adjusted by
this control at least once each week.

6-3 ELECTRO-MECHANICAL DEVICES

If any of the relays or other electro-mechanical devices do not function properly,
the complete sub assembly should be replaced and the malfunctioning unit may be returned
to the manufacturer for possible repairs. Resistor Network RN44 found in the Control
Chassis should not be serviced. If it requires repair, it must be returned to the manu-
facturer for possible repairs. DO NOT attempt field repairs of the sealed resistor net-
work found in the Data Summing Chassis. Return it to the manufacturer for possible
repairs if it does not function properly.
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The MEC Model 1576 D/A Converter consists of the following assemblies:

QUANTITY ASSEMBLY PAGE
1 MEC Model 1576-1AA, Rack 7-3
1 MEC Model 77-9A, Chopper Drive 7-4
1 MEC Model 1576-3A, Power Supply 7-5
1 MEC Model 1576-4A, Power Supply 7-7
5 MEC Model 63-4C, DC Amplifier 7-8
4 MEC Model 1576-5A, Data Summing 7-12
2 MEC Model 1576-7A, 20 Bit Shift Register 7-13
1 MEC Model 1576-6A, Control 7-14
1 MEC Model 165-4A, Power Supply 7-19
1 Blower 7-21




2 3 ] 5 ' 16 7

REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
DESIG- NO. PART NO. PER MENT
NATOR 1 2 3 4 5 6 7 . ASSY. CODE
MEC AS| ENAQLY', RACK, D-A CONVERTER 1
1576-1AA
MEC ASSE leFLY. STANDARD CONNECTOR PLATE [3
B1007A41AE (541/4)
MEC ASBEMBILY], STANDARD CONNECTOR PLATE, 2
B1007A41AF LEFT HAND, (7"
MEC ASBEMBILY], STANDARD CONNECTOR PLATE, 8
B1007A41AH LHFT HAND (§-374)
MEC ASBEMBILY|, STANDARD CONNECTOR PLATE, 1
B1007A41AJ RIGHT HAND (8-1/4)
DS1, DS2 Eldema LAMP, Neon tp spec, 21C-3864-7 2
1CG12-4535
Fl, F2 Bussmann FUSH, 5 anjp 2
FNM
J18 Cannon PLiUQ, 13 pin ¢ontact 1
MS3102-A-32-13P
Cannon CONNEQTQAR, {13 pin contact 1
IMS3106B-32-13
Cannon CABLIE CLAMP 1
IMS3057-20
J19 " Cannon PLUd, 11 fin ontact 1
MS3102A-18-11P
Cannon COQNNEQTOR, |11 pin contact 1
MS3106B-18-11
Cannon CABI|E CLAMP 1
MS3057-10
J20 Cannon PLIUQ, 17 pin dontact 1
IMS3102A-22-17P
Cannon CONNEQTOR, |17 pin contact 1
MS3106B-22-173
Cannon CABLIE CLAMP 1
IMS3057-12
Si Carling SWITCH| DPDT, on-non-on 1
RGL63-73
Bussmann FUsE HOLOER 2
HPC-C
Eldema INDIGAJOR HQLDER 2
11H4593
Eldema L EJNS|C4 P {Refl) 2
11H-4119
7-3




2 3 ] 5 ' 7
REFER. CLASS | STOC MFG. AND DESCRIPTION UNIT | PROCURE-
. DESIG- NO. PART NO. PER MENT
NATOR 1 2 3 4 5 6 7 . ASSY. CODE

IMEC ASBEMBJLY|, CHOPPER DRIVE 1
77-9A

Cl Cornell Dubilien CAPACITOR, Fixed Mylar, ,05uf 400 vdc 1
PM455

c2 ICornell Dubilien CAPACITOR, ¥Fixed Mylar, .5uf 400 vdc 1
PM4P5

Cc3 Mallory CAPACITOR, Computer Grade, 4000uf 50 vdc 1
20-71937 2-1/1p X 4-]/2[{ Alum. can, with Acetate Sleeve.

L1 U.T.C. INDUCTDR,| Type TF4RX20YY 1
HVC-11 .

N1 IMEC TRANSIJTOR NETWORK 1
TN134

Pl Cannon PLUQ 1
DD-50P

Q1 G. E. TRANSIJTOR 1
PN52S

Q2-Q4 Delco THANSI$TAR, |(Lug Type Leads) with 3
2N443 Mdunting Kit #[7272602

R1 MIL RESI$TOR, |Fiked composition, 1
RC20GF 103K 10K [£1P% | 1{2W

RZ, RS MIL RBSI$TYR, | Fiked composition, 2
RC20GF 473K 47K |x1p%{ 142w

R3 MIL RHESI§TOR, |Fiked compoasition, 1
RC20GF 472K 4. VK| +)10% 1/2w

R4 MIL RHESI$TQR, | Fiked composition, 1
RC20GF 102K 1K R19% | 1/2W

Ré6 Ward Leonard R%SI PTQR,| Fikxed, Wire Wound, 1
10F 100 10pQ 10V

R7 MIL RESISTOR,| Fiked composition, 1
RC32GF471K 47pQ| 410% 1w

R8 MIL RESISTOR,| Fiked composition, 1
RC20GF223K 22K |x10% | 1f2W

R9 Ward Leonard RESISTOPR,| Fiked, Wire Wound, 1
10F75 75K |10W

R10 Ward Leonard RESI$TOR,| Fiked Axiohm, 1
5X5 s |5W

TB1 USECO TERMINALI BQARD 1
1100-B

TJ1-TJ3 H.H. Smith JACH, Wrap Around 3
1501-113

XN1 : JAN SQCHKET, Tube Octml, Mica filled 1
TS101P01
Birtcher RADIATIOR| Pbwer Transistor 3
3B-645




4

5

7

ITEM REFER. MFG. AND DESCRIPTION PROCURE-
NO. DESIG- PART NO. MENT
NATOR 4 7 CODE
3.1 MEC FEMBI.Y, POWER SUPPLY, -250V, -560V
1576-3A
3.2 C301 Sangamo ICAPACIFOR, Fixed,
7110-2R 2 14 10000 ydc
3.3 C302 Aerovox CAPACITOR, Fixed,
JP616MCB 14 6010 veic
3-4 C303-C307 |JAerovox CAPACITOR, Fixed Dual, 40-40uf 450 vdc
C309,C310 IAEP88J hg-[In.
3-5 Cc3os ICornell Dubiliern CAPACITOR, Fixed Mylar, .47uf 400 vde
IPM4P47
3-6 CR301- G, E. DD E
CR312 IN1695
3.7 DS301 Eldema LAMP, Neon tp Spec. 21C-3864-7
DS302 1CG12-4535
3-8 F301-F302 Bussmann FUSH, 3 Arhp
AGC
3-9 F303 Bussmann FUSH, Amp, 250V, Slo-Blo
IMDL
3-10 | L301 Chicago Std. CHOKE,| (F{ltefr Reactor) 300 madc, 8 Hy
RH-8300 55 |dc|, fyp¢ TF4RX01YY
3-11 | L302 Chicago Std. CHOKE,| (F{iter Reactor) 55 madc, 10 Hy
RH-1055 2300 |dd, Typk TF4RXO0LYY
3-12 | P301 ICannon PLHUQ
DD-50P
3-13 | R301-R304 IMIL RESIST( Fixed composition, 470K +10% 1/2W
RC20GF 474K
3-;4 R305, R306 Ward Leonard RESIST( Fiked Axiohm, 2K 5W
5X2, 000
3-15 | R307-R309 IMIL, RHESIST( Fited composition,
RC20GF101K 1000 | +1 1/2W
3-16 R310, R312 IMIL, RESIT( Fited composition,
R314 RC42GF470K 478 |+l 2w
3-17 R311, R313 MIL RESIST( Fixed composition,
R315, R316 RC20GF 102K 10003 +10% 1/2W
R318
3-18 R317, R322 IMIL RESISTQ Fited composition,
[RC42GF823K 82K [+1 2w
3-19 | R319,R323 IMIL RESI§T( Fited composition,
[RC20GF 824K K}zl 1{2w
3-20 {R320 MIL RESIETd Fi:ted composition,
[RC20GF 334K K|+l 112w
3-21 R325 MIL RESITQ Fited composition,
[RC42GF 104K 109K | +1 2w
3-22 | R324 IMIL RESIYTC Fited composition,
IRC20GF 184K K}l INEALL
3-23 R326 MEC RESIST( Prpcision Per MEC Dwgs.
A2001F6A1 A 2PO HF 6 and A2001F6A2, 300K +1%
3-24 | R327 Chicago Telepho PCTENT IOAJE”FER, Type 25, 20K
[FE18378
3-25 | R328 MEC RESIJTQR, |Precision Per MEC Dwgs.
A2001F6A1 lA2POYF 6 end A2001F6A2, 250K +1%
3-26 | R329 MIL, RESIJTQR, |Fited composition,
RC20GF181K Q 1l 142W
3-27 | R330, R33} MIL RESIT( Fited composition,
R332 [RC20GF104K 100K (11 12w

7-5




1 2 3 4 5 [] 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. , DESIG- NO. PART NO. PER MENT

NATOR 12 3 4 5 6 7 : ASSY.| CODE
3-28 |R321 MIL RESISTAR, |[Fijed composition, 1
rRCZOGFlSSK 1. 9M tl‘O% 12w
3-29 |R333, R334 MIL RESISTAR, |[Fijed composition, 2
RC32GF473K 47K |£1P% | 1YW
3-30 |T301 Chicago Std. THANSFIORMER, Power, 105/115/125VAC, 1
IPMS-550 54166|cps pfimfary, 550-0-550 VAC, 250 ma dc
MS90032) Se¢onfady, pbutput 419V dc, Type TFRX02LB002,
3-31 T302 IMEC T HANSFIORMER 1
1-102
3-32 | V301-V303 Comm., 6550 TUBH, Kledtrdn 3
3-33 | V304, V305 Comm. 12AT7 TYBH, Lledtrdn 2
3-34 | V306, V307 Comm. OA2 TUBH, Eledtrdn 2
3-35 | XDS301 Eldema INDIGATOR| HOLDER 2
XDS302 11H-4593
3-36 |XF301 Bussmann FJSE[—IOLD ER 3
XF302 HKP :
XK303
3-37 XC303- UAN SOCKET] Thbd Octal, Mica filled 10
XC307, TX101P01
XC309,
XC310
XV301l-
XVv3o03
3.38 |[XV304 UAN SOCKET] Thbe, 9 Pin Miniature, Mica filled 2
XVvios ITS103P01
3-39 |XV306 UAN SOCKET| Tube, 7 Pin Miniature, Mica filled 2
XVv3io? [S102P01
3-40 Eldema LENS CAP,| Athber 1
11H-4118
3-41 Eldema LENS|CAP,| Rqd 1
11H-4119

7-6




] 2 3 4 | o 5 6 7
ITEM REFER. c1Ass | sTock MFG_ AND ! DESCRIPTION i UNIT | PROCURE.
NO. DESIG- NO. PART NOY PER MENY

NATOR L __l ¢ 3 a5 6 7 ASSY, CODE
4-1 M1C ASEEMBJ.Y, POWMIER SUPPLY, +250V i
1576 -4A
2 C401 Sangamo CAPANCITOR, Fixed, 2u4f 1000 vdc 1
7T1IH0-2R
4-3 C402,C403 Aerovox CADPACITOR, Vixed Dual, 40-401f 450 vdc 3
C405 APPSR Pljg-in
4-4 C404 ICornell Dubilien CAPACITOR, Fixed Mylar, .47uf 400 vdc 1
PM4P47
4-5 CR401- G. L. DIODE 8
CR408 IN1695
4-6 DS401 Ildema INDIJATOR] Neon to Spec 21C-3864-7 2
DS402 1CG12-4535
4.7 F403 Bussmann Fuis¥l 1|/2 Amp., 250V, Slo-Blo 1
MDD,
4-8 F401, F402 Bussmann FUSFE} 3] Anpp. 2
AGC
4-9 1,401 Chicago Std, CHONE, | (F{itef Reactor) 300 ma dc, 8 Hy 1
RH -8300 85 ldc|, Tlyps TF4RXO1YY
4-10 | P401 Cannon PLUG 1
DD-50P
4-11 R401, R402 MII, RHESIYTOR, |Fixed composition, 2
RC20GF474K 47TPK [+ 1j0% | 1}2W
4-12 R403-R405 M1, RFASISTQYR, |Fixed composition, 3
RC20GF 101K 1002 | +10% | LJ2W
4-13 R406, R408 MIL, RHSISTOPR, {Fiked composition, 3
R410 RC42GF 470K a7k l10% | 2
4-14 | R407, R409 MIL RHSI$TOR,|Fiked composition, 5
R411, R412, R414 RC"CF102K 10pOS +14% | 1/2W
4-15 R413, R418 MIL RF¥SI§TQR, |[Fixed composition, 2
RC42GF823K R2 +10% |2V
4-16 R416 MIL RHSI§TQR, |Fiked composition, 1
RC20GF 334K 33IPK | 1 0% | L)J2W
4-17 R417 MIL RFSISTYR, |Fited composition, 1
RC20GF 684K 68PK {1 1P% | 1/2W
4-18 R419 MIL, RHSI§TQR, |Fifed composition, 1
RC20GF 184K 180K 111P% | 1A2W
4-19 R420 MIL, RESIJTOR, |Fixed composition, 1
RC20GF 754K 750K | +1§0% [ 1)2W
4-20 R422, R424 MEC RHSI§TOPR, |Precision Per MFE.C Dwgs. 2
A2001F6A1 A2DO{FHA1 land A2001F6A2, 300K +1%
4-21 R423 Chicago Telephdne PQTBNTIOMET FR, Type 25, 20K 1
FF18378
4-22 R421 MIIL, RHASISTOR, |Fixed composition, 1
RC42GF 104K 10PK [+1P% | 2W
4-23 R425, R426 MIL RHASISTOR, [Fiked composition, 2
RC20GF 104K 10PK [+1P% | LAZW
4-24 R415 MII. RHSI$TOR, [ Fiked composition, 1
RCZ20GF 155K 1. 5M| +{10F J1/2W
4-25 | T401 Chicago Std. THANSFIORMFJR, Power, 105/115/125VAC, 1
PMS-550 54t66| cls pfimary, 550-0-550 VAC, 250 ma dc
(MS90032) Sefondaty, [output 419 vdc, Type TFRX021.B002.
4-26 | T402 MEC TRANSFIORMFR 1
1-102
4-27 V401-V403 Comm., 6550 TUB, Fleg¢trgn 3
4-28 | V404, V405 Comm. 12AT7 TUBH®, Fle¢trgn 2




Rev, 8/1/61

1 2 3 4 5
TEM REFER. STOC! MFG. AND DESCRIPTION
NO. DESIG- NO. PART NO.
NATOR 1
XDSs401 Eldema HQLDER
XDS402 11H-4593
XF401- Bussmann ER
XF403 HKP
XC401- JAN ” hbg Octal, Mica filled
XC403 TS101P01}
XV401-
XV403
XV404 UAN hbd, 9 Pin Miniature, Mica filled
XV405 TS103P01
Eldemna Red
11H-4119
[Eldema Amber
H1H-4118
MEC C AMPLIFIER i
63-4C ‘
C402 Cornell Dubllier R, [Fixed Mylar, .05uf, 400vdc !
C405 PM45S5 ]
C413
C416
C403 Southern Elect. L 1uf, Poly, +20%, 200vdc i
C414 {Sec 1645 ‘ H
1
1
C404 MIL Dura Mica, 270uuf, 500vdc | 2
C415 DM-15-271
C406 MIL Dura Mica, 100uuf, 500vdc
C417 .DM-15-101
C407 Cornell Dubiliey Fixed Mylar, ,0luf, 400vdc
C409 PM4S1
C418
420
408 MIL Dura Mica, 154u4f, 500vdc
419 DM-15-150K
£410 MIL Dura Mica, €80uuf, 500vdc, .
Caz1 DM-15-681K |
a1l MIL ITOR, 1.0uf, 600vdc i
a2 CP65B1EF 105K ;
i




1 2 3 4 5 6 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER |  MENT

NATOR 3 4 5 6 7 ASSY.| CODE

4-10 CL17 MiC Y TLPFE | Ne thworke 2
C421 B63F4C1

4-11 C423 CAPACITYR [NOT USED IN THIS UNIT 1

4-12 C424 CAPAGIT¢R [NOT) USED IN THIS UNIT 1

4-13 C425 MIL CAPACITOR, {Durfp Mica, 1000uuf, 500vde, 10% 2
C426 DM=19-102K

1~14 C427 MEC RGLIGFF | Networkk 2
C428 B63F4CL

4-15 | CRr401 Hughes 100§, biljcon 6
CR402 HD6227
CR405
CR407
CR408
CR411

4-16 CR403 ME uleng, pilieon 6
CR4O4 B63F4A
CR409
CR410
CR4L06
CRA12

4-17 D3402 Eldema L4'P| Hon ito P3pecs 21LC-3864~7 2
D3404 1CG12~4535

4-18 D3401 Eldema LET ligon 2
DG403 NE-2

419 K0 Stevens Arnold cjoppar) D4-A 1

CH~792
4-20 P4LOL Cannon PIUG} Mhled 5 Pin Contact, 5 Amp Rating 1
DD=50P

4=-21 R401 MIL R{SI$TUR, Hixgd Composition, 470K, 10%, By 2
R434 RC20GF474K

4-22 R402 MIL RESTSTOR, Hixeld Composition, 1.5M, 10%, 3 2
RA35 RC20GF155K

4=23 R403 MIT, R{SISTOR, Hixed Composition, 100K, 10%, 5 4
R431 RC20GF104K
R436
R464

424 R4O4 MIL RESISTOR, Hixeld Composition, 2.7M, 10%, W 2
R437 RCROGF275K

4=25 R405 MIL RESTHTOR, Hixeld Composition, 910K, 5%, é~w 2
R4 38 RC20GF914.]

4=26 R406 MIL 2{STHTOR, Hizeld Composition, 510K, 5%, W 2
439 RCR0GIF514J

4=27 R4O7 MIL b1, fixeld Composition, 4.7M, 10%, ¥ A
R419 RCR0GFA75K
R440
R452

4-28 R408 L RESIPTOR, Tixdd Composition, 1%, 107, 3w 2
RALL RC20GF102K

7-9




1 2 3 4 5 o
iTEM REFER. CLASS | STOCK MFG. AND DESCRIPTION
NO. . DESIG- NO. PART NO.
NATOR 4 6 7
4=29 R409 MIL REESIGTOR, Fixdd Composition, 330K, 10%, &W
R421 RC20GF334K
R426
R442
R454
R459
430 :ﬁig MIEIB « RESIBTOR, Fixdd Composition,
RC20GF182
4-31 R41L MIéF 73K RESTPTOR, Fixdd Composition,
R444 RC20GF4
4-32 gzig RC?ééFléAJ RESISTOR, Hixdd Composition,
4-33 giig cMIéF . RESTBTOR, Hixedd Composition,
RC20GF563K
4=34 R4Y4 Allen Bradley POTERTIPMETER ;i 500K, 2W, Linear Taper
R44LT7 JAL0405504UC
4-35 mg ch(l)éfl }OI$TOR, Hixeld Composition, 1.2M, 5%,
125
4-36 R416 MIL $314 , Hixeld Composition, 1.3M, 5%,
R4LT RC20GF1354
4=37 R417 Mgg LUPEF| e work
3F4ACL
4-38 R418 MIL Rids14TOR, Mixe|d Composition, 180K,
R451 RC42GF184K
4-39 | R420 MIL Rds14TUR, Hixell Composition, 470X,
R432 RC20GF474K
R453
R465
4-40 R422 MI1L R§3IJTUR, Hixedd Composition,
R455 RC20GF124K
4=41 R423 ML Ril313TOR, I{ixefd Composition,
R456 RC20GF624J
442 | R424 RfsT3TOf  INOT USED IN THIS UNIT
443 R4A25 MIL R{s1b70k, Hixeld Composition, 220K, 10%, L
R458 RC20GFR24K
L=bdy R427 MIL Rbs1TOk, Rixed Composition, 1.3, 5%, M
460 RC20GF1354J
4=45 R428 G R LIG | ST
B63F4C1
L=46 r429 ML REGTITOR, Hixd
R462 RC32GFR22K
4=4T7 R430 MIL ’Es1pICcR, Hixgd Composition, 680 ohm, 1075, 1W
R463 RC32Gr681K

7

UNIT
PER

ASSY.

PROCURE-
MENT
CODE

1800 ohms, 10%,3W
47K, 10%, 3

160K, 5%, 3

56K, 10%,

120K, 10%,

620K, 5%, i

i Composition, 2200 ohms, 107, 14

o

10%,

10%,

o




3

4

5

7

ITEM REFER. CLASS | sTOCK MEG. AND DESCRIPTION UNIT | PROCURE.
NO. DESIG- NO. PART NO. PER MENT
NATOR 1.2 3 4 5 6 7 ASSY.| CODE
448 | R433 HLL RisThOK, Hixell Composition, 224, 10%, W 2
R.466 RG20GI226K
4=49 | R450 MEGC RY LI e | NETWORK 2
R461 B63F4C1
4-50 | R467 MIL REST$TOR, Hixell Composition, 27 ohms, 10%, 2W 1
RC42GF270K
4=51 | R468 Ri{3I1JTOR  [NOT USED IN THIS UNIT 1
4-52 5401 Grayhill SYITGH, | Pughbultton, W/DAP (Black Button) 2
5402 35-1
4=53 TJ401 H.H. 3mith TsT (T AK, [(Gray) 2
TJ402 1501~113
4=54 V403 Comm « TYBLE] Llectiron| 2
V407 7044,
4=55 V402 Comm TYBE] i]ectron 2
V406 6661
4~56 V401 Comm TYBE| i£]ectjron| 2
V405 6072
4=57 V404 Comm . TYBE} Electiron 2
V408 6681
4~58 XDS402 £1dema INDIGATYR, [Hollder 2
XDS404 1DH6-4591
4=59 XV403 JAN SCKET, |9 Hin [(Phenolic) Miniature 4
XV404 TS103P01
XV407
X408
460 XV401 JAN SQCKLT, |9 Hin |(Ceramic) Miniature 2
XV405 T3103001
4-61 XV402 JAN SQCKLT, |7 Hin {(Phenolic) Miniature 2
XV406 T5102P01
4=62 XV409 JAN 34CK4T, |Octlal,| (Phenolic) 1
T5101P01
463 JAN SHIELD, | Tube 2
T3103U03
464 JAN SHIELRD, | Tube 4
T$103U02
4=65 JAN SHIETD, | TURE 2
T5102U02
466 Eldema LYNS [CAR (Tranplucent) 2
1DH6-4591
7-11




2 3 4 5 é 7

REFER. CLASS | STOCK MEG. AND DESCRIPTION UNIT | PROCURE-
. DESIG- NO. PARY NO. PER MENT
NATOR 1 2 3 4 5 6 7 . ASSY. CODE
MEC AYSEMHLY, QATA SUMMING 1
1576 -5A

C501 Cornell Dubilie CAPACITOR, Fixed Mylar, .luf, 400vdc 1
PM4PI

C502 Cornell Dubilien CAPACITOR, Fixed Mylar, .5uf, 400vdc 1
PM4PS

DS501- Eldema LAMP, [Nedn tp Spec. 21C-3864-7 10

DS510 1CG12-4535

K501 MEC RELAY | Mgrchry Wetted 9

K509 RY-13

K510 MEC RELAY | Merchry Wetted 2

KS11 RY-12

P501 Cannon PLUG, Malle, 50 Pin Contact, 5 amp Rating 1

DD-50P
P502 Winchester CONNECTQR, | with stainless steel locking screws| 1
Q-RE-34S-LT

R515- MIL RESISTOR,| Fixed Composition, 7.5K, 10%,1/2W{ 11

R525 RC20GF752K

R526- MIL, RESIFTOR,| Fixed Composition, 39K, 10%, 1/2W | 10

R535 RC20GF393K

R536- MIL R[ES]STIOR| Flxed Composition, 1.1K, 10%, 1W | 11

R546 RC32GF112K

R547 Ward Leonard RIES]ISTIOR| Akiohm, 6K, 5W 1

5X6000
TJ501 Cannon CONNHCTPR| Female, 50 Pin Contact, 5 amp 1
DD-508 Rpting

XDS501- Eldema INDICAITOR, Holder 10

XDS510 11H4593

XK501- JAN SPCKEI, Pcthl, Mica Filled 11

XK511 TS101PO1
Eldema LIENS GAH (Tfranslucent) 10

11H-4110




1 2 J 4 5 & 7 8
ITEM REFER. CLASS } STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COsT
NATOR i 2 3 4 5 6 7 ASSY. CODE (EST.)
7-1 MEC AgSIEMIL Y, 40 IJIT SHIFT REGISTER 1
1576-7A
7-2 C701 MIT, CAPACITOR, Fixed Mica, 1000 puf, 500vdc 1 .42
CM-19B-102K ’
7-3 C702 Cornell Dubiliet CAPACITOR, Fixed Mylar, ,01uf, 400vdc 1 .21
PM4S1
7-4 C703 M1, CAPACITOR. |Fixed Mica, 47040, 500vdc 1 .28
CM-19B-471K
7-5 C704 Fansteel CAPACITOR, [Blu-Cap) 10uf, 25vdc 1 3.64
F110-1
7-6 C705 Fansteel CA PACITOR, |(Blu-Cap) 100uf, 30vdc 1 9.38
F308-1
7-7 C706 Cornell Dubilie CAPACITOR, [Fixed Mylar, ,005uf, 400vdc 1 .21
PM4D5
7-8 CR701 Transitron DIODIE 2 1.26
CR702 T12G
or
Clevite
CTP-503
7-9 M701- MEC CORE, Magnefic 20 17,11
M720 MN-11
7-10 | M721 MEC CPRE, Magnetic 1 17.11
MN-13
7-11 N701- MEC TIRAINSISTPDR|NETWORK 20 29,42
N720 TN-28
7-12 N721 MEC TIRANSISTOR |[INETWORK 1 37.10
TN-130B
7-13 N722 MEC TIRANSISTPR|[NETWORK 2 43,29
N723 TN-138B
7-14] P701 Cannon PJ UG, {Malle $0 Pin Contact, 5 amp Rating 1 5.85
DD-50P
7-15§ R701 MII, R|=.S}STIOR| Fixed Composition, 10K, 10%, 1/2W| 4 .17
R702 RC20GF103K
R706
R707
7-16 R703 MIIL, RESISTIOR| Fjxed Composition, 1602, 5%, 1/2W 1 .34
RC20GF161J
7-17 R704 M1, RESISTOR| F}xed Composition, 3,3K, 10%, 1/ 1 .17
RC20GF 332K
7-18 R705 MII, REISISTOR{ Fixed Composition, 16K, 5%, 1/2W 1 .34
RC20GF163J
7-19 | R708 MIL RESISTPR{ Fixed Composition, 1.6K, 5%, 1/2W 1 .34
RC20GF162J
7-20| TJ701 Cannon CONNELCTOR,| Femele, 50 Pin contact, 5 amp 1 9.60
DD-508 Rating
7-13




Rev. 8/1/61

) 2 3 4 5 ) 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT cost

NATOR 1 2 3 4 5 6 7 ASSY.{ CODE (EST.)
7-21 XM701 JAN SPCKEI', P Hin Miniature Mica filled 21 .46
XM721 TS103PO0O2
7-22 XN701- JAN SPCKEJ, Pcthl, Mica filled 23 .67
XN723 TS101PO1L
6-1 MEC ASSEMB‘LY, doNTROL 1
1576 -6A
6~2 C601 Cornell Dubiliey CAPACITOR, Fixed Mylar,.14f, 400vdc 1 .29
PM4P1}
6-3 Cc602 Cornell Dubilieq CAPACITOR, Fixed Mylar, .47uf, 400vdc 1 . .67
PM4P47
6-4 [C603, C606, MIL, CAPACIrOR, Fixed Mica,1000uuf, 10%, 500vdc | 10 .42
C608, C609, CM-19B-102K
C619, C622,
C627, C628,
IC632, C633
6-5 [C604 MIL CAPA CITO#(, L’ixed Mica, 330uuf, 10%, 500vdc | 2 .28
C631 CM-19B-331K
6-6 C605 MIL ICAPACIFOR, Fixed Mica, 680uuf, 10%, 500vdc 4 .32
Céll CM-19B-681K
Cé612
C614
6-7 Cé615 Cornell Dubilien ICAPAICIFTOR, Fixed Mylar, .012uf, 400vdc 1 .21
PM4S12
6-8 C610
Cez0 Fansteel CAPACITOR, {Blu-cap) 10uf, 25vdc 5 3.64
F110-1
C623
C629
C630
7-14




1 2 3 4 5 6 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COsT
NATOR 12 3 4 5 6 7 ASSY.| CODE (EST)
6-9 C613 MIL GAPACITOR, FIXED MICA, 820ppf, 10%, 500 1
CM-19B-82 1K vide
6~10 | C616 MIL GAPACITOR, FIXED MICA, 560upf, 10%, 500 3
C618 CM~19B-561K vide
c621
6-11| C617 Fansteel CIAPACITOR, KBlu Cap) 1.5pf, 125vde 1
F121-1
6-12 | C607 Cornell Dubilidr CAPACITOK, FIXED MYLAR, .0lpf, 400vdc 3
c624 PM4S1
€625
6-13 | C626 Cornell Dubilidr CAPACYTOR, FIXED MYLAR, .5uf, 400vdc 1
PM4P5S
6-1374 C627 MIL GAPAC]TOR, FIXED, 1luf, 600vdc 1
CP65BI1EF 105K
6-14 | CR601- Transtron OIODE 25
CR606, T12G or
CR608- Clevite
CR612, CTP-503
CR614,
CR619,
CR622,
CR627-
CR633
6~15| CR607 Internationa DIOPE | Z¢nep, 12V (1212) 1
Rectifier
1IN1524
4A-8 59
6-16 CR613 International DIPDE, [Zerler,; 10v (1210} 4
CRé620 Rectifier
CRé621 IN1523
CR623
6-17 | CR624 International IDIODE, [Zeder)| 4.7v (124, 7) 1
Rectifier
IN1519
6-18 CR625 G-E DIPDE 2
CR626 IN1695
6-19 | DS601 Eldema LAMEP, Fleon te Spec. 21C-3864-7 1
1CG12-4535
6-20 | 1601 Dialight LAMIP, Incgnde¢scent, Bayonet type, 24v, 6W 1
Sé
6-21 | M601 MEC CJRE, Magnetfc 2
Mé602 MN-12
6-22 M603 MEC CQRE, Magmnetjc 1
MN-11
6-23 | MVé601 Beede MYETER,| 1.2 MA (scale 0-12) Horizontal Mounting] 1
E25
6-24 | N6O1 MEC THANSI§JTOR Network 2
N608 TN-57
7-15




1 2 3 4 5 6 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COsT

NATOR 7 ASSY. CODE (EST.)
6-25 | N602- MEC R Network 10
N605 TN-138B
N609
Né610
Nél2
Né6l3
Né615
6-26 | Né6ll MEC R Network 1
TN-130B
6-27 | Nélé MEC R Network 1
TN-42A
6-28 | N607 MEC R Network 1
TN-58
6-29 Né617 MEC Netywork 1
RN-44
6-30 N606 MEC R Network 2
Né6l4 TN-90B
6-31 | P601 Cannon P, 30 pin contact, 5 amp Rating 2
DD-50P
6-32 R601 MIL Figyed composition, 91 Q, 3
R606 RC20GF910J
R619
A-6 39
6-33 R602 MIL Fiked composition, 10
R620 RC20GF103K
Ré621
Ré623
R628
R639-
R641
R643
R659
6-34 | R603 MIL Fixed composition, 11
R609- RC20GF473K
Ré611
R622
R624
R625
Ré634
R635
Ré655
R633
6-35 | R604 MIL Fixed composition, 4
R613 RC20GF153K
R636
R664
6-36 R605 MIL, Fixed composition, 1
RC20GF 393K
6-37 | R607 MIL Fixed composition, 1
RC20GF273K




4

5 é 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENT
NATOR 3 4 5 &6 7 ASSY. CODE
6-38 | R608 MIL RRSI$TOR, | Fiked Composition, 2.2K, 10%, 1/2W] 7
R658 RC20GF222K
Ré612
Ré614
R615
R627
R631
6-39 | Ré616 MIL RHSI§JTQYR, |Fiked Composition, 2709, 10%, 1W 2
R618 RC32GF271K
6-40 | R617 MIL RHSI$TQR, | Fiked Composition, 4,7K, 10%, 1/2W| 3
R653 RC20GF472K
R657
6-41 R629 MIL RESIFTQR, |Fiked Composition, 620Q, 10%, 1/2W{ 1
RC20GF621K
6-42 | R630 MIL RHSI§TQR, |Fiked Composition, 18K, 10%, 1/2W 1
RC20GF183K
6-43 | Ré632 MIL RHSI§TOR, [Fied Composition, 1K, 10%, 1/2W 2
R633 RC20GF102K
6-44 R637 MIL, RESISTQR, Fixed Composition, 33K, 10%, 1/2W 1
RC20GF333K
6-45 | R638 MIL, RHSIYTQR, |[Fixed Composition, 3.3K, 10%, 1/2W| 2
R642 RC20GF 332K
6-46 Ré626 MIL, REES STOﬁ Fixed Composition, 22K, 10%, 1/2W 1
RC20GF 223K
6-47 R644 MIL, RESISTIOR| Flixed Composition, 470Q, 10%,1/2W 1
RC20GF471K
6-48 R645 Phaostron RIES|STIOR} Pkecision, 51.8K, 1%, 1/2W 1
CA4RS-1/2
6-49 | R646 Phaostron RES[STIOR Precision, 20K, 1%, 1/2W 1
CA4RS-1/2
6-50 R647 Phaostron RIESISTIOR| Ppecision, 70K, 1%, 1/2W 1
CA4RS-1/2
6-51 R648 Phaostron RIES]STIOR| Pfecision, 560K, 1%, 1/2W 1
CA4RS-1/2
6-52 [R649 Phaostron RESISTIOR| Pgecision, 3.9K, 1%, 1/2W 1
CA4RS-1/2
6-53 R650 Phaostron RIESISTIOR| Plecision, 250K, 1%, 1/2W 1
CA4RS-1/2
6-54 | Ré651 Phaostron RIESISTIOR| Pfecision, 12K, 1%, 1/2W 1
CA4RS-1/2
6-55 | R652 Phaostron R[ES{STIOR| Pjecision, 35K, 1%, 1/2W 1
CA4RS-1/2
7-17




2 3 4 5 [ 7
REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
. DESIG- NO. PART NO. PER MENT
NATOR o2 5 6 7 ASSY. CODE
R656 MIL, FIAJS'IOR, Flixed Composition, 100Q, 10%, 12W 1
RC20GF101K
R660 MIL ESLS'] OR|, Hixed Composition, 100K, 10%,1/2W 3
R661 RC20GF 104K
R662
S601 Centralab rcH, IROTARY, 8 Pole, 2-6 Positions, Nont 1
PA-2027 tinlg, Cejamic
5602 Micro rCH, Pudghbutton 1
2PB11
S603 Centralab FCH, Rothry, 2 Pole, 2-12 Positions, non- 1
PA-2005 ting, Feyamic
S604 Carling SWIFCH, Todgle, DPDT, On-None-On 3
S605 2GL63-73
S606
SC601 Weston HEHERENCHCELL 1
D-845A
TJ601 Cannon JONNHECTIOR, Female, 50 pin contact 2
TJ602 DD-50S 5 ampp fating
XDS601 Eldema INDICATJR HOLDER 1
11H4593
XI1601 Dialight INDIGA TOR HOPUDER, Dome Type, Clear, Red 1
103-3502-1211 L.ens for S6|Balyonet Type Lamp
XM601- JAN
XM603 TS103P02 SOCKET], 9/pi miniature, mica filled 3
XN601- JAN SOCKET], Jctaj, Mica filled 16
XN616 TS101PO1
XN617 Amphenol SOCKET, |11|pin, Mica filled 1
78-S11T
Whitso KNOH 2
K-105
Eldema L.§NS| CAP [Trhnslucent} 1
11H-4110




4

5 (] 7
WEMm REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENT
NATOR 2 3 4 5 &6 7 ASSY.| CODE
4-1 MEC ASBEMBLY| POWER SUPPLY 1
165-~4A
4-2 C401, Mallory CAIPAICITOR, Computer Grade, 3000uf 75 vdc 7
C402 20-71860 2~L /46 % 4-{1 /2 Alum. can with Acetate Sleeve
C421-
C423
C441
C442
4-3 C403 Cornell Dubilid CAPAICITOR, Fixed Mylar, .0luf 400 vdc 4
C425 PM45S1
C443
C444
4-4 C424 Cornell Dubilig CAPACI"‘Oﬂ, Fixed Mylar, .luf 400 vdc 1
PM4P1
4-5 C404 Fansteel bA[PACITOF, (Blu-Cap) 100uf 30 vdc 4
C426 F308-1
C445
C446
4-6 CR401 G.E, lREZC’I"IFM:‘JR 3
CR421 4JA211ABlAC2
CR441
4-7 CR402 International DIQDE, Vener {(124.7) 2
CR422 Rectifier
IN1519
4-8 CR442 International DIQDE, Pener |[(1712) 1
Rectifier
IN1524
4-9 F401 Bussmann FUBE, 1{Amp 2
F403 AGC
4-10) F402 Bussmann FUSE] 3 Anjhp 1
AGC
4-11 F404 Bussmann FUSE| Flusdgtran, Slo-Blo, 3 Amp 1
MDX
4-12| P40l Cannon PLUdG 1
DD-50P
4-13 Q423 Delco TRANSISTOR (Mount with Parts 100 & 101) 2
Q442 2N553
4-14| Q401 Delco TRANSISTOR (Lug type Leads) 3
Q421 2N443
Q441
4-15| Q402 G.E. IT RANSISTOR 4
Q403 2N525
Q424
Q443
4-16 | Q404 Sylvania T RANBISTO 3
Q425 2N576A
Q444
4-17 R401 Ward Leonard REBISITOR, {Fixed Axiohm, 1Q SW 6
R402 5X1
R421A
R421B
R441
R442
4-18 R403 Ward lLieonard REBIS[FOR, [Fided Axiohm, 2Q 5W 2
R443 5X2
4-19 R404 MIL REBISI'OR, Fi)ﬁed composition, 1K +10% 2W 3
R425 RC42GF102K
R444
7-19




1 2 3 4 5 6 7
1TEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT } PROCURE.
NO. . DESIG- NO. PART NO. PER MENT

NATOR vV 2 3 4 5 6 7 . ASSY. CODE
4-20| R405 MIL RESIJTQR, [Fixed composition, 1502 +10% 2W 2
R434 RC42GF 151K
4-21| R406 MIL RESI{T(QR, (Fited composition, 680Q +10% 1/2W 1
RC20GFé681K
4-22| R407 MIL RESISTQR, |Fited composition, 100Q +10% 1/2W 3
R428 RC20GF101K
R447
4-23] R408 MIL RESI§TQR, |Fifed composition, 1.2K $10% 1/2W 1
RC20GF 122K
4-24| R409 MIL RHESI§TQR, |Fixed composition, 8.2K +10% 1/2W 3
R430 RC20GF822K
R449
4-25| R4l0 MIL RESIYTQR, |Fited composition, 6209 +5% 1/2W 3
R431 RC20GF621J
R450
4-26 R411 MIL RESIYTQR, {Fited composition, 4. 7K +10% 1/2W 2
R432 RC20GF 472K
4-27 R412 MIL RESI§TQR, |Fiked composition, 120Q +10% 1W 2
R413 RC32GF121K
4-28 R414 Allen Bradley PQTHNTIOMETER, 502 2W, Linear Taper 2
R435 JLU-5001 or
JA1L040S500UC
4-29{ R415 MIL RHSIYTQR, [Fited composition, 82Q +10% 1W 1
RC32GFB820K
4-30 R416 MIL RESIYTOR, |Fixed composition, 2202 +10% 2W 1
RC42GF 221K
4-31] R422 Ward Leonard RESIJTQR, |Fiked, Wire wound, 1Q 10W 1
10F1
4-32 R423 Ward Leonard RESIGTAR, |[Fited, Wire wound, 2Q 10W 2
R424 10F2
4-33 R426 Ward Leonard REJSISTAR, |Fijed, Wire wound, 150Q 10W 2
R445 10F150
4-34 R427 MIL IRESISTCR, |Fijed composition, 680Q +10% 1W 2
R446 RC32GF681K
4-35 R429 MIL RESISTAR, [Fijed composition, 1.2K $10% 1W 2
R448 RC32GF122K
4-36 R433 MIL RESISTAR, [Fijed composition, 2709 $10% 2W 1
RC42GF271K
4-37 R436 MIL REISISTAR, {Fifed composition, 47Q +10% 1W 1
RC32GF470K
4-38 R437 Ward Leonard REBISTAR, [Fijed, Wire wound, 100Q 10W 1
10F100
4-39| R451 . MIL, RESISTJR, |[Fijed composition, 1.8K £10% 2W 1
RC42GF182K
4-40} R453 Allen Bradley POIT ENT[IONIETER, 500Q 2W, Linear Taper 1
JLU-5011 or
JA1L040S501U¢
4-41| R454 MIL REBISITOR, [Fited composition, 3.6K £5% 1W 1
RC32GF362J
4-42 ) R455 Ward l.eonard REBIS[TOR, [Fifed Axiohm, 500Q 5W 2
5X500
4-43 | RA452 MIL REBISTOR, {Fijed composition, 1.1K t5% 1W 1
RC32GF1l12J
4-44 | T401 TTI 5486 TRANSFORMER 1
7-20




1 2 3 4 5 6 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENY

NATOR 1 2 3 4 5 &6 7 . ASSY. CODE
4-45]| TJ401- H.H. Smith VACK| Nlidget | Banana (Black) 4
TJ404 221
4-46 | XF401- Bussmann FUSEHQLDER 4
XF404 HKP
1 MNelean AsJa LYl BiCWR 1
2EB508C
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CHAPTER IX
SCHEMATICS AND DIAGRAMS
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POWER SUPPLY
MEC MODEL 165-4A

l. GENERAL DESCRIPTION

A Milgo type 165-4A Power Supply has three outputs: the first, a +12 volts (+1 volt,
-3 volts) at one ampere output; the second, a -20 volts (+2 volts, -6 volts) at two
amperes output; and the third, a -50 volts +5 volts at one ampere output. The -50 volt
Supply is stacked on the bottom of the -20 volt Supply, thereby giving an output of -70
volts., The a-c input of this Supply can vary from 100 vac to 130 vac and from 45 to 60
cycles. The unit is mounted in a standard Milgo slide-type rack and has a front panel
8 3/4 inches high by 8 7/8 inches wide. Its weight is 35 pounds.

2. THEORY OF OPERATION
2-1. 12 Volt Supply

2-1,1. A portion of the output of transformer T401 is rectified by a bridge rectifier
CR401 and filtered by resistor R401 and capacitors C401 and C402. The voltage across
capacitors C401 and C402 is normally 20 volts (approximately). Transistor Q401 and
resistors R402 and R403 act as a variable resistance element in series with the output
load, which can be varied to maintain a constant output voltage across a variable load.

As the load current increases, the effective resistance of Q401 is decreased so that the
IR drop across R402, R403, and Q401 will remain constant producing a constant output
voltage. If the input a-c line voltage should increase, the d-c voltage across filtered
capacitors C401 and C402 would increase and the effective resistance of Q401 must in-
crease again so that the output voltage will remain constant.

2-1.2. The effective resistance of Q401 is controlled by the control section, con-
sisting of transistors Q402, Q403, Q404, and their associated circuitry. Q404 determines
whether the output voltage is too high or too low and is followed by power amplifiers Q403
and Q402, which amplify the control signal to the necessary power level for driver Q401,
The base voltage of Q404 is referenced from the voltage of a 4.7 volt zener diode CR402.
The emitter voltage of Q404 is determined by the resistor divider network of R413, R414,
and R415. The voltage from the wiper of potentiometer R414 is applied to the emitter
of Q404.

2-1.3. As the output voltage increases, the magnitude of the voltage from the wiper
of R414 will also increase proportionally. Since the voltage across CR402 remains con-
stant as the output voltage increases, the emitter voltage tends to go positive with respect
to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less
collector current through R410, so there is less base current in Q403. The emitter cur-
rent of Q403 decreases, reducing the current through R407 and base current of Q402. With
less base current in Q402, the emitter current decreases, reducing the base current of
Q401. With less base current, the effective resistance of Q401 will increase. Therefore,
the output voltage decreases until Q404 senses the correct relationship between the output
voltage and the zener voltage of CR402.
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2-1.4. 1If the output voltage decreases below the desired value, the portion of the
output voltage applied to the emitter of Q404 also decreases, tending to make the emitter
more negative with respect to the base. This increases the collector current of Q404,
which increases the base current of Q403, thus increasing the emitter current of Q403 and
the base current of Q402, This in turn increases the emitter current of Q402 and the base
current of Q401, which reduces the effective resistance of Q401, causing the output voltage
to return to its regulated value. Q404 actually is matching the zener voltage to the emitter
voltage.

2-1.5. Since a portion of the output voltage applied to the emitter of Q404 can be
varied by potentiometer R414, and the emitter voltage of Q404 is to remain constant, the
output voltage must be changed as the resistor R414 is changed. In this manner, the
regulated output voltage can be adjusted over a range of +9 volts to +15 volts. Capacitor
C403 has been added to prevent hunting. Resistors R402 and R403 are included to limit
the peak current to transistor Q401 to a safe value if the output terminal is short circuited,
and to provide reverse bias for Q401 and Q402. Resistor R404 provides a path for the
leakage current of Q402 so that this current does not affect the base current in Q401,
allowing Q401 to be more nearly cut off during a light load.

2-2. -20 Volt Supply

2-2.1. A second portion of the output of transformer T401 is rectified by bridge
rectifier CR421 and filtered by parallel resistors R421A and R421B, and capacitors C421,
C422, and C423. The d-c voltage across capacitors C421, C422, and C423 is approxi-
mately 30 volts. Transistors Q421 and Q422 with their associated resistors R423, R424,
and R422, act as a variable resistance element in series with the output load, which can
be varied to maintain a constant output voltage across a variable load. As the load current
increases, the effective resistance of Q421 and Q422 is decreased so that the IR drop
across R422, R423, R424, Q421, and Q422 will remain constant, producing a constant
output voltage.

2-2.2. If the input a-c line voltage should increase, the d-c voltage across filter
capacitors C421, C422, and C423 would increase, and the effective resistance of Q421
and Q422 must increase again to keep the output voltage constant. The effective resistance
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of Q421 and Q422 is controlled by the control section, consisting of transistors Q423,
Q424, and Q425 and their associated circuitry. Transistor Q425 determines whether the
output voltage is too high or too low and is followed by power amplifiers Q424 and Q423,
which amplify the control signal to the necessary power level for driving Q421 and Q422,
The base voltage of Q425 is referenced from the voltage of a 4. 7 volt zener diode CR422,
The emitter voltage of Q425 is determined by a resistor divider network R434, R435, and
R436. The voltage from the wiper of potentiometer R435 is applied to the emitter of Q425,

2-2,3. As the output voltage increases, the magnitude of the voltage from the wiper
of R435 will increase proportionally, Since the voltage across CR422 remains constant
as the output voltage increases, the emitter voltage tends to become positive with respect
to the base voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425
goes toward cutoff, there is less collector current through R431, and consequently, there
is less base current in Q424. With less base current in Q424, the emitter current of Q424
decreases. With less emitter current in Q424, the current through R428 and the base
current of Q423 also decrease., This reduces the emitter current in Q423 and reduces the
base current in Q421 and Q422, Less base current in Q421 and Q422 increases their
effective resistance, which increases the IR drop across them. Therefore, the output
voltage decreases until Q425 senses the correct relationship between the output voltage
and the zener voltage of CR422,

2-2.4. Conversely, if the output voltage decreases below the desired value, the
portion of the output voltage applied to the emitter of Q425 also decreases, tending to
make the emitter more negative with respect to the base, This increases the collector
current of Q425, increasing the base current of Q424, which in turn increases the emitter
current of Q424 and the base current of Q423. This, in turn, increases the emitter cur-
rent of Q423 and the base current of Q421 and Q422, reducing the effective resistance of
Q421 and Q422, and causing the output voltage to return to its regulated value. Transistor
Q425 is actually matching the zener voltage to the emitter voltage.

2-2.5. Since a portion of the output voltage applied to the emitter of Q425 can be
varied by potentiometer R435, and the emitter voltage of Q425 is to remain constant, the
output voltage will have to be changed as the resistor R435 is changed. In this manner,
the regulated voltage of this supply can be adjusted from -14 volts to -22 volts, Capaci-
tors C425 and C424 provide feedback for stabilization purposes.

2-2.6. Resistors R423 and R424 serve two functions. First, they force the collector
current of Q421 and Q422 to balance. Since the bases are tied in common, if one trans-
istor conducts more than the other, the higher IR drop in their associated resistor would
tend to reverse bias the transistor with the most current and, in this manner, force the
currents to balance., Second, if the output supply is shorted, resistors R423 and R424
limit the peak current through Q421 and Q422 to a safe value while fuse F402 is blowing.
Resistor R425 provides a path for the leakage current of Q423 so that this leakage current
does not affect the base current in Q421 and Q422., This allows Q421 and Q422 to be more
nearly cut off during a light load.

2-3 -50 Volt Supply

2-3.1. A third portion of the output of transformer T401 is rectified by a bridge
rectifier CR441 and filtered by resistor R441 and capacitors C441 and C442. The voltage
across capacitor C441 and C442 is normally 60 volts (approximately). Transistor Q441,
and resistors R442 and R443, act as a variable resistance element in series with the
output load, which can be varied to maintain a constant output voltage across a variable
load. As the load current increases, the effective resistance of Q441 is decreased so
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that the IR drop across R442, R443, and Q441 will remain constant, producing a constant
output voltage. If the input a-c line voltage increases, the d-c voltage across filtered
capacitors C441 and C442 will increase and the effective resistance of Q441 must increase
again so that the output voltage will remain constant,

2-3.2. The effective resistance of Q441 is determined by the control section, con-
sisting of transistors Q442, Q443, and Q444 and their associated circuitry. Q444 de-
termines whether the output voltage is too high or too low and is followed by power
amplifiers Q443 and Q442. These amplify the control signal to the necessary power level
for driver Q441. The emitter voltage of Q444 is referenced from the voltage of a 12 volt
zener diode CR442, The base voltage of Q444 is determined by the resistor divider net-
work of R452, R453, and R454. The voltage from the wiper of potentiometer R453 is
applied to the base of Q444. The zener is referenced from the positive side of this supply
to reduce the emitter-to-collector voltage of Q443 and Q444 to less than 25 volts.

2-3.3. As the output voltage increases, the magnitude of the voltage from the wiper
of R453 will also increase proportionally. Since the output across CR442 remains constant
as the output volts increase, the base voltage tends to become negative with respect to the
emitter voltage, driving Q444 toward cutoff. As Q444 goes toward cutoff, there is less
collector current through R450 and less base current in Q443, The emitter current de-
creases, reducing the current through R447 and the base current of Q442. With less base
current in Q442, the emitter current decreases, reducing the base current of Q441. With
less base current, the effective resistance of Q441 increases. Therefore, the output volt-
age decreases until Q444 senses the correct relationship between the output voltage and
the zener voltage of CR442,

2-3.4. If the output voltage decreases below the desired value, the portion of the
output voltage applied to the base of Q444 also decreases, tending to make the base more
positive with respect to the emitter. This increases the collector current of Q444, in-
creasing the base current of Q443, and increasing the emitter current of Q443 and the
base current of Q442. This in turn increases the emitter current of Q442 and the base
current of Q441, reducing the effective resistance of Q441, and causing the output voltage
to increase and to return to its regulated value. Q444 is actually matching the zener
voltage to the base voltage.

2-3.5. Since a portion of the output voltage applied to the base of 0444 can be
varied by potentiometer R453, and the base voltage of Q444 is to remain constant, the
output voltage will have to be changed as the resistor R453 is changed. In this manner,
the regulated output voltage can be adjusted over a range of -45 volts to -55 volts.
Capacitors C443 and C444 have been added to prevent hunting. Resistors R442 and R443
are included to limit the peak current ot transistor Q441 to a safe value if the output
terminal is short circuited, and to provide reverse bias for Q441 and Q442. Resistor
R444 provides a path for the leakage current of Q442 so that this current does not affect
the base current in Q441. This allows Q441 to be more nearly cut off during a light load.
This -50 volt Power Supply is stacked on the bottom of the -20 volt Supply, giving a com-
bined output of -70 volts,
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POWER SUPPLY
MEC MODEL 1576-3A

1. GENERAL DESCRIPTION

1-1, The -250volt, 250ma, -560volt, 15ma Power Supply has 3 outputs; -250 volts,
-560 volts, and 12.6vac, center tapped. The 12. 6vac Supply is capable of furnishing 7 am-
peres to external filament circuits. The primary windings of transformers T301 and T302
are tapped io compensate for high or low line voltages. If the line voltage is pre-
dominantly high, (125 volts or greater),the taps should be moved from terminal 3 to
terminal 4. If the line voltage is low (105 volts or less),the taps should be moved from
terminal 3 to terminal 2. An amber indicator DS302, labeled FILAMENT and a red
indicator DS301, labeled PLATE indicate that transformers T302 and T30l have been
energized. Input and output fuses, and a -250volt adjust potentiometer R327 are
provided. The output of transformer T301 is full wave rectified by silicon diodes
CR301 through CR308, filtered by inductor L301, and capacitors C301, C305, and C306, and
is applied to the plates of series regulator tubes V301-V303, which regulate the
output to -250 volts., Resistors R301 and R302 insure equal division of voltage between
capacitors C305 and C306.

1-2, The output from terminal 5 to T301 is applied to a negative half wave
rectifier consisting of silicon diodes CR309 thru CR312, then on to a filter consisting
of inductor L302, capacitors C302 thru C304 and C307, and resistor R305, and then
applied to VR tubes V306 and V307, which are placed across the -250volt, -560 volt
outputs. Resistors R303 and R304 insure an equal division of voltage between
capacitors C303 and C304, and resistor R332 insures proper firing of the VR tubes
when power is turned on.

MEC Model 1576-3A Power Supply
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2. DETAILED DESCRIPTION

The -310 volts generated by VR tubes V306 and V307 of the -250 volt Power Supply is
applied to a resistor divider consisting of resistors R326, R327, and R328. This resistor
string compares the VR tube output to the -250 volt output. The error voltage appearing
on the wiper of potentiometer R327 is amplified by tube V305 and directly coupled to
amplifier tube V304 which in turn drives the grids of the three series regulator tubes
V301, V302, and V303, If the =250 volt output increases, pin 7 of V305 goes more
positive with respect to pin 8 of V305, Pin 6 plate of V405 becomes more negative,
and the pin 1 plate of V405 becomes more positive, causing the plates, pins 1 and 6 of
V404 to become more negative, This causes the grids of the three regulator tubes to
become more negative, and since these regulators act essentially as cathode followers,
their cathodes also become more negative, thereby reducing the output voltage. Similarly,
if the output voltage were to go negative, the grids of the three regulator tubes would go
positive tending to cause the output voltage to remain constant. Should a change occur
in the =560 volt Power Supply voltage, the -250 volt Supply will change proportionally due
to the resistor divider R326, R327, and R328, thus keeping the supply voltages to the DC
Amplifiers balanced.
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POWER SUPPLY
MEC MODEL 1576-4A

1. GENERAL DESCRIPTION

The +250volt, 250ma Power Supply has two outputs, +250volt and 12, 6vac, center
tapped, which is capable of furnishing 7 amperes to external filament circuits. The
primary windings of transformers T401 and T402 are tapped to compensate for high
or low line voltage. If the line voltage is predominantly high, (125 volts or greater)
the taps should be moved from terminal 3 to terminal 4. If the line voltage is low,
(105 volts or less) the taps should be moved from terminal 3 to terminal 2. An amber
indicator, DS402, labeled FILAMENT and a red indicator, DS401, labeled PLATE
indicate that transformers T402 and T401 have been energized. Input and output
fuses and a +250volt adjust potentiometer R423 are provided. The output of transformer
T401 is full-wave recitifed by silicon diodes CR401 through CR408, filtered by inductor
L401, capacitors C401-C403 and applied to the plates of series regulator tubes V401-
V403, which furnish a regulated output of +250volts. Resistors R401 and R402 insure
equal division of voltage between capacitors C402 and C403.

2. DETAILED DESCRIPTION

The -250volts generated by the -250volt regulator section of the -250volt Power
Supply is applied to a resistor divider consisting of resistors R422, R423 and R424.
This resistor string compares the +250volt output to the -250volt output. The error
voltage appearing on the wiper of potentiometer R423 is amplified by tube V405 and
directly coupled to amplifier tube V404 which in turn drives the grids of the three
series regulator tubes V401-V403, If the +250volt output increases, becoming more
positive, the pin 6 plate of V405 becomes more negative, and the pin 1 plate of V405
becomes more positive, causing the plates (pin 1 and 6 of V404), to become more negative
This causes the grids of three regulator tubes to become mbre negative, and since the
regulators act essentially as cathode followers, their cathodes also become more

- POWER SUPPLY

4280V
ADJUST 12 AMP.
o e PLATE @
3 AMP
o~

157644

MEC Model 1576-4A Power Supply
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negative, thereby reducing the output voltage. Similarly, if the output voltage were to
go negative, the grids of the three regulator tubes would go positive tending to cause
the output voltage to remain constant. Should a change occur in the -250 volt power
supply voltage, the +250 volt supply will change proportionally due to the resistor
divider R422, R423 and R424, thus keeping the supply voltages to the DC amplifiers
balanced,
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TN 28
RELAY DRIVING FLIP-FLOP

A TN28 is a bistable flip-flop which can be used for driving a relay coil or other
loads of 500 ohms or more. The external load (shown on the schematic diagram in phantom
between pins 8 and 1) is a special network used in conjunction with a 350 ohm relay coil
which has permanent magnet bias and requires plus and minus currents for optimum oper-
ation, The network is normally defined as being in the "off' or "0'" condition when tran-
sistor Ql is saturated and Q2 is cut off, leaving the relay de-energized. The "on" or 1"
condition is the opposite, with Q1 cut off and Q2 saturated, causing the relay to energize,
Assuming that Ql is saturated, then its collector is approximately -0.25 volts. Resistors
R4 and RS are then connected from +15 volts to 0 volts and by divider action hold the
base of QZ at approximately +3.5 volts. Since the emitter at Q2 is at 0 volts, this re-
verse bias keeps Q2 cut off. With QI saturated, its base is at approximately -, 05 volts; so
the current through resistor Rl is approximately 0,25 milliamps. The current through the
series combination of R2 and the external load resistor, which may very from 500 ohms to
5K, varies from 0.53 to 0, 48 millliamps. The difference between the: currents in R1 and R2
is the base current of Ql, which is silfficient to drive Q1 to séturation. 'This satisfies the
original condition, so this condition is a stable one. The input voltages at pins 3, 6 and 7
must be somewhat negative during quiescent conditions, The flip-flop may be turned "on"
by raising the voltage at pin 3 to a positive value so that diode CR1 conducts, raising the
base voltage of QI to a positive value. Note that the input pulse will be loaded somewhat,
so it cannot be generated by a high impedance source. With the base of Q1 positive, Ql is
now reverse biased and cut off. With Q1 cut off, R4 and R5 are no longer connected bet-
ween 0 and +15 volts, and.QZ is no longer clampéd off. Instead, Q2 base current may‘
now flow through resistjors R5 and R3 causing Q2 to saturate. Now resistors Rl and RZ
are connected frorn +15 to' 0 volts and hold the base of Ql at approximately +6 volts,
keeping Q! in a cut off cond1t10n after the input pulse passes. This, then, is the other stable
ondition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or
pin 7. A positive pulse at either of these pins turns Q2 off, allowing base current from Ql
to be conducted through R2 and the external load, driving QI back into saturation and re-
storing the initial condition, Diode CR2 is included to suppress the voltage of an external
relay coil connected across pins 8 and 1. As Q2 goes from saturation to cutoff, the relay
coil is de-energized. However, the inductance of the relay coil attempts to maintain the
current through the relay coil by driving the voltage at pin 8 much more negative than the
-26 volt supply. If this were allowed to happen, Q2 could be damaged by excessive emitter-
collector voltage. To prevent this from happening, diode CR2 is added. During most
Phases of the cycle, CR2 is reverse biased and so does not enter into the operation of the
circuit, When the relay is de- -energized and pin 8 is driven negative by the relay inductance,

CR2 is forward biased and conducts, providing a path for current through the relay coil
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and eliminating the voltage spike, Although the description of operation of this network has
been based on voltagesof +15 volts and -25 volts, this network will operate equally on volt-

ages of +12 volts and -20 volts or +10 voits and -15 volts,
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TN 42
RELAY DRIVING COUNTING FLIP-FLOP

TN42 is a counting type bistable flip-flop which can be used to drive a relay coil or
other loads 500 ohms or more. The external load which is shown on the schematic diagram
as dotted between pins 8 and 1 is a special network used in conjunction with a 350 ohm relay
coil which has permanent magnet bias and requires plus and minds currents for optimum
operation., The network is normally defined as being in the "off" condition when transistor
Q1 is saturated and Q2 is cut off leaving the relay de-energized. The '"'on' or "1'" condition
is in the opposite, with Q1 cut off and Q2 saturated causing the relay to energize. If we
assume that Ql is saturated then its collector will be at approximately -0,25 volts. Re-
sistors R3 and R5 are then connected from +15 to 0 volts and by divider action hold the base
of Q2 at approximately +3.5 volts. Since the emitter at Q2 is at 0 volts, this reverse bias
will keep Q2 cut off. With Q1 saturated its base will be at approximately -0.5 volts so the
current through resistor Rl is 0.25 ma. The current through the series combination of R4
and the external load resistor, which may vary from 500 ohms to 5K, will vary from 0.53
to 0,48 ma. The difference between the current in Rl and the current in R4 is the base current
of Q1, which is sufficient to drive Q1 to saturation., This satisfies the original condition, so
that condition is a stable one. The input voltages at pins 3 and 6 must be somewhat negative
during quiescent conditions. The flip-flop may be turned "on" by raising the voltage at pin 3
to a positive value so that diode CR1 will conduct, raising the base voltage of Q1 to a positive
value. ‘It should be noted that the input pulse will be loaded somewhat so it cannot be generated
by a high impedance source.-. With the base of Q1 positive, Q1 is now reverse biased and cut
off, With Q1 cut off R3 and R5 are no longer connected between 0 volts and +15 volts and Q2
is no longer clamped off. Instead, Q2 base current may now flow through resistors R5 and
R6 causing Q2 to saturate. Now resistors Rl and R4 will be connected from +15 to 0 volts
and will hold the base of Ql at approximately +6 volts, keeping Q1 in a cut off condition after
the input pulse passes. This then is the other stable condition, which will be maintained until
Q2 is cut off by a positive pulse at pin 6. A positive pulse at pin 6 will turn Q2 off, 'allowing
the base current from Q1 to be conducted through R4 and the external load, driving Q1 back
into saturation and restoring the initial condition. Diode CRS5 is included to suppress an ex-
ternal relay coil connected across pins 8 and 1. As Q2 goes from saturation to cut off the
relay coil is de-energized. However, the inductance of the relay coil will attempt to maintain
the current through the relay coil by driving the voltage at pin 8 much more negative than the
-26 volt supply. If this were allowed to happen Q2 could be damaged by excessive emitter-
collector voltage. To prevent this from happening, diode CR5 is added. During most phases
of the cycle CR5 will be reverse biased and therefore will not enter into the operation of the
circuit, But when the relay is de-energized and pin 8 is driven negative by the relay inductance,

CR5 is now forward biased and conducts, providing a path for current through the relay coil
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and eliminating the voltage spike.

The actions just described cover the operation of this network as a conventional bi-
stable flip-flop which requires a turn-on pulse and a turn-off pulse. In addition, this network
can be used for counting by using the pin 7 input. RZ2 and R7 act as a divider network which
establishes their junction at -4.5 volts, Since the bases of Ql and Q2 are either at ~0.5 volts
or at a positive voltage, both CR2 and CR3 will normally be reverse biased and non-conducting,
By applying a positive pulse approximately 10 volts high with a rise {ime of approximately
0.5 microseconds to pin 7, the junction of R2 and R7 will be raised to +5.5 volts until C3
discharges. This will permit both CR2 and CR3 to conduct, which will cut off both Ql and Q2
simultaneously. Assume the condition before the input pulse was Q1 saturated and Q2 cut off.
When both are cut off by the input pulse there will be no drop in voltage at the collector of Q2,
hence no pulse coupled through Cl. But when Q1 cuts off the resulting drop in voltage at the
Q1 collector is coupled through C2 to the base of Q2. The result is that when the input pulse
has been differentiated (C3 charges up) and no longer has an effect, C2 forces Q2 to conduct.
When the next positive pulse is applied to pin 7, the resulting drop in voltage at the Q2 collector
will force Q1 to turn on first. In this way the state of the network will change from a 0" to

a ''l'" or reverse for every positive pulse that is applied to pin 7.
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TN 57
DUAL PULSE AMPLIFIER

The TN57 contains two PNP transistors connected as two independent conventional amplifiers,
Only one of these will be discussed since the other is identical to it. As normally used, a
supply voltage is connected to pins 3 and 1 with the plus side on pin 3, Pin 2 will be the input
and pin 4 the output. As long as pin 2 is more positive than pin 3 the transistor is cut off
and the voltage at pin 4 will be the same as the voltage at pin 1. When pin 2 is approximately

|
0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will ‘
go positive until it saturates, approximately 0. 25 volts more negative than the emitter. Caution ;

\

‘must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor, The value of the external Jase resistor is dépendent upon how negative the
driving voltage goes and upon the external load that is connected to pin 4. To insure saturation

the base current should be at least 1/20th of the collector current.

The TN57 may also be used in a variety of applications by the addition of external

components,
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TN 58
DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers, As
normally used, a supply voltage is connected to pins 4 and 1 with the plus side on pin 4. As
the voltage at pin 2 is varied, between the voltages at pins 4 and 1, the transistor will conduct
and the voltage at the emitter, pin 3, will be approximately 0,4 volts more negative than the
voltage at pin 2, Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2,

The TN58 may also be used in a variety of applications by the addition of external com-

ponents.
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TN 90B
BALANCED FLIP-FLOP AND DIVIDER

The TN9OB is a bistable balanced flip-flop. An auxiliary input (pin 3) allows the
network to be used as a divider in a counter.

The network is defined as being in the "'0" state when Ql is saturated and Q2 is
off and in the "1" state when the reverse is true. Assume that Ql is saturated (''0" state)
then the collector voltage of Ql will be approximately 0 volts and resistor divider, R1
and R7, will maintain approximately +3.5 volts of reverse bias on the base of Q2, keep-
ing it cut off. With Q2 cut off, resistors R3 and R6 will provide a path for Ql base cur-
rent, clamping QI in saturation., This condition is stable and will hot be changed until
an input is received on pin 3 orpin 6. Pin 6 is in "1" input, in that a positive pulse above
0 volts at pin 6 will cause CR3 to conduct, thus driving the base of Ql positive above 0
volts, reverse biasing Ql, subsequently cutting Ql off. As QI is cut off its collector will
go negative and due to the resistor divider, Rl and R7, the base of Q2 will go negative.

As the base of Q2 goes negative, Q2 will go into saturation. As Q2 saturates, its collector
will go positive and due to the resistor divider of R2 and R3 the base of Ql will be reverse
biased at approximately +3.5 volts, keeping Q1 cut off, after the input pulse has passed,
The network will remain in the "1'" state until reset by a positive pulse on pin 7 or trig-
gered from a pulse on pin 3, the counting input. If a positive pulse is applied on pin 3
through an external capacitor for differentiation, both Ql and Q2 will be cut off. Capaci-
tors Cl and C2 retain charges which are dependent upon which one of the transistors was
saturated before the input pulse occurred, Since the input pulse is differentiated by a small
input capacitor, it will last a very short time, less than one microsecond, At this point,
the internal capacitors Cl and C2 take over, turning on the transistor that had previously
been off. For example; assume the network is the "1' state, therefore Q1 is cut off and Q2
is saturated. The voltage across Cl will be approximately 3.5 volts and across C2 will be
approximately 26 volts. When pin 3 goes positive above 0 volts, both bases will be driven
positive, cutting the transistors off, The collector of Q2 starts to go negative from 0 volts
to =23 volts. Since this occurs almost instantaneously and Cl has been charged only 3.5
volts the base of QI will go negative, turning Q1 on. As Ql is turned on, Q2 is held cut
off and we are now in the '"0'"" state as explained previously. Note, since the collector of
Ql was at -23 volts before the pulse occurred on pin 3 and there wasn't any change of col-
lector voltage when the pulse did occur. The base of Q2 would not experience any change
through C2. The output pins of the network are 5 and 8, When the network is in the "'0"
state pin 5 will be at 0 volts and pin 8 will be approximately =23 volts and the reverse is
true when the network is in the "'l state. Although the description of operation has been
based on voltages of +15 volts and -25 volts this network will operate equally on voltages

of +12 volts and =20 volts or +10 volts and -15 volts.
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TN 130B
CORE DRIVER

The TN130B is a blocking oscillator with amplifier which generates a positive going
pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is
used. The TN130B is normally used with a MEC Model MNI13 core, which gives it a pulse

width of approximately 40 microseconds.

In the quiescent condition, transistor QI is maintained in cut off. The emitter voltage
of Q1 is determined by the forward voltage drop of diodes CR2 and CR4 (1,5 volts) and is at
approximately -18.5 volts, The base of Q1 is returned to -20 volts through R2 and the
feedback winding of the core, connected from pin 5 to -20 volts. The d-c impedance of the
feedback winding is approximately 5 ohms; thus the base of Q1 is nearly -20 volts, keeping
Ql reverse biased approximately 0.7 volts and properly cut off. Since there is no Q1 col-

lector current, the collector voltage is+12 volts.

A positive going input pulse at pin 3 is coupled by capacitor Cl, diode CR1, and
capacitor C2, paralleled with R2 to the base of Q1. This pulse starts Q1 conducting, The
resulting QI colléctor current passes through the collector winding of the external core.
This generates a voltage across the collector winding coupled through the core to the feed-
back winding. By noting the phasing of the windings on the core, it can be seen that, as the
collector voltage becomes negative, the voltage at pin 5 is becoming positive. This in turn
drives QIl further into conduction, even after the input pulse has been differentiated by C1,
Ql saturates in approximately one microsecond with an emitter-collector voltage of approxi-
mately 0.25 volts. QI will remain saturated as long as transformer action in the core’
continues to drive pin 5 of the TN network sufficiently positive to cause QI base current to

flow. The pulse width (approximately 40 microseconds for an MN13 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will
cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will
stop. This cuts off Q1. With no current in the collector winding of the core, the current
in the reset winding resets the core. This reset current is furnished to the reset winding
(pins 4 and 5 of the core) through resistor R4 and diodes CR2 and CR4., This involves going
from the plus saturation condition attained during the output pulse to a minus saturation
condition (reset). During this time, the voltages at the feedback winding and the collector
winding are reversed. The reversal of a voltage at the feedback winding increases the re-
verse bias on Ql. The reversal of voltage in the collector winding tends to drive the output
voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The amplifier section Q2 {s normally biased to cutoff by voltage divider R7 and R6,

With no collector current flowing, the quiescent collector voltage of Q2 is -20 volts, The

negative going pulse generated by the blocking oscillator section is coupled to the amplifier

base through CR3, R5, and C3. The diode provides for rapid cut off of the amplifier, there-

by minimizing the fall time, R5 and C3 serve as base current limiting and rise time deter-

minants, The load is connected between -20 volts and 0 volts and should be limited to no

less than 8 ohms (20 to 24 MNI11 cores),
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TN 138 B
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TN138B is a one-shot (monostable multivibrator) with an emitter follower output,

This network can drive low impedance loads because of the emitter follower output,

The network's quiescent state is with Q1 saturated and with Q2 cut off. The base of Q1
is forward biased by R3 which is connected to -25 volts, thus saturating Ql. Since Ql is sat-
urated, the base of Q2 is reverse biased by the voltage divider R7 and R8 between +15 volts
and the collector of Q1 (0 volts), With Q2 cut off, its collector is at approximately -25 volts;
therefore the base of Q3 is at the same voltage as the emitter of Q3, keeping Q3 near cut off,
Pin 7 will be at -25 volts and pin 5 will be at 0 volts. The resistor divider of R1 and R2 will
maintain a reverse bias on diode CRI1 of approximately 2.2 volts for protection against noise
impulses. When a positive pulse of sufficient amplitude is applied to pin 3 to cause conduction
of CRI, transistor Q1 will be cut off. The collector of Q1 will therefore go negative toward
-25 volts. This negative going voltage potential is coupled to the base of Q2 through C3 and
R7. This will cause the base of Q2 to go negative with respect to the emitter, Q2 will now
conduct, and starts to saturate rapidly. The collector of Q2 will now go positive from -25volts
to 0 volts. This voltage change, being coupled through C2 to the base of Ql, will keep Q1 cut
off after the ihput pulse has passed. C2 has now been charged, and will start to discharge
through R3. When C2 has discharged sufficiently to allow the base of QI to return to its qui-
escent negative potential, Ql will saturate. As Ql saturates, its collector will go positive,
Due to the resistor divider of R7 and RS, the base of Q2 will also go positive, reverse biasing

Q2 and cutting it off. The one-shot has now returned to its quiescent condition.

The time constant of R3 and C2 determines the pulse width, which is about 1 microsecond.
By adding external capacity across pins 6 and 8, the RC time constant is increased and thus
the pulse width is increased. When Q2 is saturated, the base of Q3 will be positive in respect
to the emitter, and this will cause Q3 to go into saturation, Pin 7, the output of the emitter
follower, will go to 0 volts, Q3 will be in saturation as long as Q2 is in saturation. When

Q2 is cut off, Q3 will be near cut off, and pin 7 will return to -25 volts.

Although the description of operation has been based on voltages of +15 volts and -25

volts, this network will operate equally on voltages of +10 volts and ~15 volés.
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TN 134
GATED OSCILLATOR AND SQUARING CIRCUIT

The TN134 is a gated oscillator (80 cycles to 5 kilocycles per second), which can be
turned on or off by an external switching circuit, The oscillator section (Q2) is followed
by two emitter-followers (Q3 and Q4) and one squaring amplifier (Q5), which amplify and
clip the signal so the output is a square wave, The oscillator tank circuit consists of an
external inductor, connected between pins 2 and 5, and external capacitors Cl and C2.
The oscillator is turned on by clamping pin 3 to the minus supply voltage, and is turned
off by clamping pin 3 between -1 volts and 0 volts.

When the voltage at pin 3 equals the minus supply voltage, the input transistor Ql
will be at cutoff and will have little or no effect on the oscillator transistor Q2. The base
of Q2 is returned to a minus voltage, cutting off Q2 and sending the tank circuit into
oscillation. The first half cycle of the tank curcuit applies a positive voltage to the junc-
tion of Cl and C2, keeping Q2 cut off. Cl and C2 will be partially charged during this
positive going portion of the cycle by current through R6. As the oscillation in the tank
circuit reverses, the junction of Cl and C2 tends to become negative, driving Ql toward
saturation, and pulling the tank circuit negative through pin 5. When (2 saturates the
junction of Cl and C2 is no longer driven negative and Q2 cuts off, starting the cycle over
again,

The phasing of the drive into Ql is such that the tank circuit is pulsed at the proper
portion of its cycle to maintain oscillation. The voltage across the tank circuit, pin 5, is
coupled to the base of emitter-follower Q3. Q3 drives another emitter-follower Q4. Q4,
in turn, drives amplifier Q5 from cut off to saturation. The resultant waveform at the:
collector of Q5 is a square wave which goes from the minus supply voltage to approximately
0 volts at the same frequency as the oscillator. When the oscillator is switched off again
by the pin 3 voltage approaching 0 volts, Q5 will saturate and the output will remain at 0
volts., The supply voltages may be -25 and +15 volts, -20 volts and +12 volts, or -15 and
+10 volts,
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TN 144 |
FLIP-FLOP WITH PULSE AMPLIFIER OUTPUT

A TNl44 is a bistable flip-flop with a pulse amplifier dutput which can be used to
drive a load of 85 ohms or more. Since most flip-flops are limited to the amount of
loading, which affects the switching of the flip-flop, a pulse amplifier has been added to
permit greater loads. A transistorized neon indicator may be connected in parallel with
the load to indicate the states of the flip-flop. The network is normally defined as being
in the "0" state when transistor Ql is saturated and Q2 and Q3 are cut off. The "1" state
is the condition when QI is cut off and Q2 and Q3 are saturated. Assuming that Q1 is

“saturated ("0'" state), then its collector is at approximately -0, 25 volt, Resistors R7 and
R6 are then connected from +12 volts to 0 volts, and by divider action hold the base of Q2
at approximately +1.8 volts., Since the emitter of Q2 is at 0 volts, this reverse bias keeps
Q2 cut off. With Ql saturated, its base is at approximately -0,5 volt, so the current
through resistor Rl is approximately 0.2 milliamps. Since Q2 is cut off, its collector is
at approximately -19 volts, and the current through R2 and R4 is therefore 0,4 milliamps,
The difference hetween the currents in Rl and R2 is the base current of Q1, which is suf-
ficient to clamp Q1 in saturation., This mode of operation is therefore stable. Q3 is cut
off when Q2 is cut off, since the base of Q3 is at -19 volts, reverse biasing the emitter.
Since Q3 is cut off, there is no collector current (except for leakage) and pin 8 is at ap-
proximately 0 volts, The input voltages at pins 3 and 5 must be somewhat negative during
quiescent conditions, The flip-flop may be triggered to the ''1'" state by raising the voltage
at pin 3 to a positive value so that diode CR1 conducts, thus raising the base voltage of Q1
to a poéitive value., Note that the input pulse will be ]oade;i somewhat, so it cannot be gene-
rated by a high impedance source. With the base of Ql positive, Ql is now reverse biased
and cuts off, With Q1 cut off, R7 and Ré are no longer connected between the +12 volts
and 0 volts, and Q2 is no longer clamped off. Instead, base current of Q2 may now flow
through resistors R6 and R3, cuasing Q2 to saturate. Now resistors Rl and R2 are con-
nected from +12 volts to 0 volts, and clamp the base of Q1 at approximately +5 volts,
holding Q1 in a cut off condition after the input pulse passes. As Q2 is saturated and its
collector goes positive, the base of Q3 goes positive enough to allow Q3 to saturate. RS
limits the base current of Q3. As Q3 saturates, pin 8 (the output pin) goes negative to ap-
proximately -17 volts, R8 is the collector load resistor of Q3, to furnish a minimum
collector current when there is no external load from pin 8 of the network to 0 volts. This
is the other stable condition which will be maintained until Q2 is cut off by a positive pulse
on pin 5. A positive pulse (normally called reset) on pin 5 will allow base current from
Q1 to be conducted through R2 and R4, driving Q! back into saturation and restoring the
initial condition., Diode CR3 is included to suppress the inductive effects of an external
relay coil (if used) connected across pins 8 and 2. As Q3 goes from saturation to cut off,

the relay coil is de-energized. However, the inductance of the relay coil attempts to
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maintain the current through it by driving the voltage at pin 8 much more positive than 0
volts, If this were allowed to happen, Q2 could be damaged by the excessive collector-
emitter voltage. During most phases of the cycle, CR3 is reverse biased; consequently,

it does not enter into the operation of the circuit, When the relay is de-energized and pin 8
is driven positive by the relay inductance, CR3 is forward biased and conducts, providing
a path for the current through the relay coil and eliminating the excessive transient voltage

to appear on the collector of Q3.
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MAGNETIC CORES

l. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The

term magnetic core is usually applied to a small torroid composed of magnetic material

which has high permeability and also high retention. This material will have what is called
a square hysteresis loop, shown in Point A, Figure MN-1. Because of this square hystere~
sis loop, there are two stable energy states, which make the cores adaptable to digital cir-
cuits. Magnetic cores are commonly used for shift registers, "and' gates, "or'' gates,

and other logic circuits, in addition to their use as blocking osacillator transformers.

2. THEORY OF OPERATION
2-1. GENERAL

a. The action of a magnetic core can best he described by referring to the drawing of the
hysteresis loop (Figure MN-1). The magnetomotive force, or ampere-turns, applied to the
winding of a core is measured along the X axis. Magnetic flux density (gausses), or flux
lines per square centimeter, is being measured along the Y axis. Once a core has been
magnetized and had this magnetization reversed several times, the relationship between

flux density and magnetomotive force is described by the hysteresis loop in Figure MN-1,.

b. With no current going through any of the core windings, the flux density will be either
at poiht D or at point H, depending upon the ditrection in which the core has most recently
been saturated. If the core is assumed to be at point D on the hysteresis loop and ampere-
turns are applied in the negative direction, the relationship between the flux density and the
magnetomotive force will follow the line DE. If additional ampere-turns are applied in the
negative direction, the core will go on to condition F, at which point saturationhas occurred
and additional ampere~turns of magnetomotive force will result in only a minor increase 1n'

flux level to point G.

c. If the current through the windings 18 now removed, the core will return to point H on
they hysteresis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-1. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. If the direc-
tion of current in the winding is reversed, positive ampere-turns are applied. This will
move the condition of the core from H to A and on to B, at which point the core is now satu-
rated in the positive direction and additional ampere~turns of magnetomotive‘force will
cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from G tc D, where it will remain indefinitely until driven again,

d. The net change in flux, when going from a negative quiescent state to plus saturation,
is proportional to HJ. It should be noted that other windings on the magnetic core. will sense
this change in flux and will generate a voltage proportional to the number of turns and the
rate of change of flux. Figure MN-2 shows a simple magnetic core with three windings on
it. It poéitive‘ampere-turns aré then applied to winding No. 1, the core condition effective-
ly goes from D to B. Since the hysteresis loop is very square, the change in flux during
this time (proportional to DJ) is very small when compared to HJ. As a result, the voltage

generated in coil No. 2 will be very small at this time.

e. If negative ampere-turns are again applied so that the core goes from D to E to F, the .
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Figure MN-2. Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. 2 will now
be equal in magnitude, but opposite in polarity, to the voltage generated in that winding
when the core went from H to B. These pulses can be separated with diodes and used for
different purposes in logic circuits. The two stable states, D and H, are referred to as

the '"0" state and the "1'" state respectively.

2-2. MN11l MAGNETIC CORE

a. A Milgo MNI11 magnetic core has four windings and associated components designed

specifically for shift register application (Figure MN-3). Pin 7 is connected to a -25v sup=~

ply. The core drive pulse, applied to pin 1, travels from -25v to approximately zero volts

and return, with a rise time no greater than 5 microseconds and a fall time no greater than
10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin 1 results in ampere-turns driving the core be-
yond positive saturation (Point C in Figure MN-1). When the core drive pulse has passed,
the core is left in state D, which is defined as "O' state. The voltage at pin 8 {s normally
maintained at -25v but is raised to approximately -16v to insert a'1" into the core. It can
be seen that the current iﬁ the input winding, as a result of a positive going pulse applied to
pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state
of the core will go from D to G on the hysteresis loop (Figure MN-1), ahd when the input

pulse is passed, the core remains at H, which is defined as a "'1" state.

c. When the next drive pulse occurs, the flux will travel from point H to Point C, and
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transformar action of the coro and windings will result in a positive pulse being generated
at the dot end of all four windings. This ponitive pulse will be approximately 9v in magni-

tude with a riso time of approximately 6 microscconds. Once the core has gone from nega-

tive saturation to positive saturation, there will be no more flux change even though the
drive pulso ie still present, and no additional voltage is generated in the windinge. This
switching tima, which takes place in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes diode CR3 to conduct, and will
charge capacitor C3 to approximately -16v. After the core has switched to positive satura-
tion, the voltage at pin 6 will revert to -25v. Diode CR3, however, prevents capacitor C3
from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin 2 jumps from -25v to approximately zero
volts because of the IR drop in R1 caused by the shift current. With pin 2 at approximately
zero volts, diode CR2 will be reverse biased and no current can flow from pin 8 through CR2
and the input winding. After the core drive pulse has passed, the -16v charge on one CR3

can now discharge through CR2 and the input windings of the next core, driving it to the ''1"

state. A "1" can be inserted by raising pin 8 to -21v, or more positive. It should be pointed
out that a ""1" can also be inserted through pin 3, or by applying a pulse to pin 5, which be-
comes approximately 8v positive with respect to pin 4. If there is no "1'" inserted between
core drive pulscs, the next core drive pulse will drive the core from point D to point C on
the hysteresis loop, resulting in a very small change in flux density. This will result in a
very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a '"1'" comes {rom
the core driver and not {from the core. The energy in the core merely allows energy to be
transferred to the output winding while the core is acting as a transformer. The Milgo MN11

operates ecqually well on a power supply voltage of -20v instead of -25v as described.
2-3. SHIFT REGISTERS

a. When connected to form a shift registéer, MN11 cores are connected as shown in Figure

MN-3. If a positive going pulse is applied to pin 8 of the first core, a "1" will be inserted

into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel. The r.esultant 9v pulse from the advance winding
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of the first core will charge tho capacltor in tho first core to approximately -16v., When
the first core has switched from minus saturation to plus saturation, there will no longer
be any voltage genorated in the advance winding. CR3 of the first core will prevent the
capacitor from discharging through the advance winding, however, and CR2 in the second
core prevents this capacitor from dischavging through the input winding of the second core,
CR2 is reverse biared because of the IR drop in the resistor of the second core caused by

the shift curvent,

g. When the shift pulse has passed, the pin 2 voltage of the second core will go back to
-25v and the capacitor in the first core may now discharge through the input winding of the
sccond core. The resultant currentlthrough the input winding is sufficient to drive the second
core from point D to point G on the saturation curve, so that when C3 is completely dis~
charged, the sccond core will be in a "1'" state. While this second core was being switched
from plus saturation to minus saturation, flux linkages were changing in all of the windings
of this core, with the result that a voltage was generated in all of these coils with the dot end
of the winding negative. Diode CR1 will prevent any current flow in the drive winding as a
result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h? During the next core drive pulse, core 2 is switched from minus saturation to plus
saturation, resulting in the output capacitor of the second core being charged. After the
second core drive pulse, the discharge current from this capacitor will insert a "1" into
the third core and so on to the last one. Since both ends of the auxiliary winding are brought
out, the auxiliary winding may be used to generate either a positive going or negative going
9v pulse. This auxiliary pulse will be approximately 9v in magnitude, with a rise time of
8ix microseconds and a fall time of approximately one half microsecond. In addition, the
auxiliary winding can be used to insert ""1's' into the core by applying a suitable positive
pulse to pin 5 or a suitable negative pulse to pin 4. Pins 2, 3, and 6 are bvrqught out for

additional flexibility in adapting the MN11 core to logic circuits.
2-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It
is also possible to use a square loop magnetic core as a blocking oscillator transformer
with some desirable results in control of pulse width. Figure MN-4 shows the connections

of either an MN12 or an MN13 as used in a blocking oscillator.
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Figure MN-4. Blocking Oscillator (MN12 or MNI13)

b. The 9-1 winding is the collector winding and could be compared to the primary winding
of a transformer. The 2-3 winding is the feedback winding and could be compared to the
secondary winding of a transformer. The 4-5 winding is the reset winding and has no coun-
terpart in a conventional transformer. The reset winding is so connected that the current
through the reset winding will drive the core into negative saturation. The transistor will
normally be cut off, but when triggered by a negative pulse at the input, will go into con-
duction. The resulting collector current applies positive ampere-turns to the core and the
flux moves from H toward A and B. The resulting flux change in the core is sensed by the
feedback winding and a voltage is generated, making pin 3 negative. This negative goiﬁg
voltage is applied to the base of the transistor and drives the transistor into he.avier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting
in an even more negative voltage being applied to the base of the transistor. This feedback
very quickly saturates the transistor {approximately one microsecond), but the collector
current is limited by resistor R2 and the voltage generated in the collector winding of the

core. As long as the core is still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback winding conti-
nues to drive the transistor into saturation, When the core has finally reached saturation
(B on hysteresis curve, Figure MN-1), additional ampere-turns from the collector winding
will no longer result in a change of flux and no additional voltage will be generated in the
feedback winding. This removes the drive to the transistor, which immediately cuts off,

removing the ampeore-turns from the collector winding.

d. Current through resistor R3 and the reset winding now starts to apply ampere-turns in
the negative direction again and drives the core from position D to F. Thie results in a re-
versal of flux in the core, which reverses the voltage generated in the feedback winding. -
Pin 3 now becomes slightly positive, insuring a rapid cutoff of the transistor, Since the
duration of the output pulse depends on the time it takes to switch the magnetic core, the
pulse width depends on the core used and is relatively independent of the load on the block=

ing oscillator.

e. Two blocking oscillator cores are used in Milgo equipment: an MNI2 and an MNI13.
The MN12 will cause a pulse approximately 10 microseconds wide to be generated by the
blocking oscillator, while the MN'3 will cause a pulse approximately 40 microseconds wide
to be generated. It takes approximately 30 microseconds to reset an MN12 core and approx=

imately 80 microseconds to reset an MN13 core.

Page 7 of 8




CORE DRIVE
—

MN11 Magnetic Core

Page 8 of 8



